'.') Check for updates

J DI Journal of Diabetes Investigation Open access

Official Journal of the Asian Association for the Study of Diabetes NS\ <4

CLINICAL TRIAL ™

Alendronate improves fasting plasma glucose
and insulin sensitivity, and decreases insulin
resistance in prediabetic osteopenic
postmenopausal women: A randomized
triple-blind clinical trial

Maryam Karimi Fard'? Ashraf Aminorroaya'*

, Ali Kachuei', Mohammad Reza Salamat®, Moluk Hadi Alijanvand®,

Sima Aminorroaya Yamini®, Mansoor Karimifar®, Awat Feizi'#, Massoud Amini'

Ysfahan Endocrine and Metabolism Research Center, Isfahan University of Medical Sciences, Isfahan, “Rafsanjan University of Medical Sciences, Rafsanjan, *Department of Medical
Physics and Medical Engineering, “Department of Epidemiology and Biostatistics, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran, “Department of Engineering
and Mathematics, Sheffield Hallam University, Sheffield, UK, and Olsfahan Rheumatology Research Center, Isfahan University of Medical Sciences, Isfahan, Iran

Keywords
Alendronate, Menopause, Prediabetic

*Correspondence

Ashraf Aminorroaya

Tel. +98-31-3335-9933

Fax: +98-31-3337-3733
E-mail address:
aminorroaya@med.mui.acir

J Diabetes Investig 2019; 10: 731-737
doi: 10.1111/jdi.12944
Clinical Trial Registry

IRCT
IRCT2016101530309N1

ABSTRACT

Aims/Introduction: Postmenopausal women receive bisphosphonates for osteoporo-
sis treatment. The effect of these medications on developing diabetes mellitus in predia-
betic patients is yet to be investigated. We aimed to determine the effect of alendronate
on plasma glucose, insulin indices of postmenopausal women with prediabetes and
osteopenia.

Materials and Methods: The present triple-blind randomized controlled clinical trial
included 60 postmenopausal women, aged 45-60 years. All patients were vitamin D
sufficient. They were randomly enrolled in intervention (70 mg/week alendronate for

12 weeks) and control (placebo tablet per week for 12 weeks) groups. The morning 8-h
fasting blood samples were collected at the baseline and follow-up visits to measure the
fasting plasma glucose (mg/dL), insulin and hemoglobin Alc (HbATc). Plasma glucose
and insulin concentration were measured 30, 60 and 120 min after the glucose tolerance
test. The Matsuda Index, homeostasis model assessment of insulin resistance, homeostasis
model assessment of B-cell function and the area under the curves of glucose and insulin
were calculated.

Results: The mean (standard deviation) fasting plasma glucose (102.43 [1.46] mg/dL vs
9423 [1.17] mg/dL, P = 0.001), 120-min insulin concentration (101.86 [15.70] mU/L vs 72.60
[11.36] mU/L, P = 0.026), HbA1c (560 [0.06]% vs 5.40 [0.05]%, P = 0.001), homeostasis model
assessment of insulin resistance (3.57 [045] vs 2.62 [0.24], P = 0.021) and Matsuda Index (7.7
[041] vs 92 [04], P = 0.001) significantly improved in the alendronate-treated group. There
were more statistically significant reductions in fasting plasma glucose (—8.2 [863] mg/dL vs
—25[14.26] mg/dL, P = 0.002) and HbA1c (=0.2 [0.23]% vs —0.09 [0.26]%, P = 0.015) observed
in the alendronate-treated group than the placebo group during the study course,
respectively.

Conclusions: Administration of 70 mg/week alendronate improves fasting plasma
glucose, HbATc and insulin indices in postmenopausal women.
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INTRODUCTION

Diabetes is a serious global health issue, and is a major cause
of morbidity, mortality and worldwide economic burden with
an annual increase in the prevalence rate'. Although the preva-
lence of diabetes mellitus among the Iranian population is close
to the global prevalence (8-9%), it has increased to roughly
20% in women aged 55-65 years”. Therefore, any method that
can reduce the chance of developing diabetes mellitus in this
high-risk group of women by paying more attention to predia-
betic patients is highly desirable.

Diabetes mellitus is associated with an increased prevalence
of complications, such as nephropathy, cardiomyopathy,
retinopathy and vasculopathy’, mainly caused by generalized
capillary dysfunction®. Hence, several interventions have been
suggested to reduce the incidence rate of diabetes mellitus, such
as lifestyle or pharmacological interventions to reduce the risk
factors™®. Prediabetes is mainly diagnosed by impaired fasting
glucose and/or impaired glucose tolerance’, defined by hemo-
globin Alc (HbAlc) levels of 5.7-6.4%’. Generally, 25-50% of
patients in the prediabetic state develop diabetes mellitus®, thus
appropriate risk reduction methods and interventions in the
prediabetic state can prevent its progression to diabetes mellitus
and assist in reducing diabetes-related complications™'°.

Another significant and prevalent cause of morbidity and
mortality in postmenopausal women is osteoporosis, character-
ized by substantial bone loss, resulting in increased risk of frac-
tures'!, which imposes a great cost and impairs the quality of
life of the affected patients'?. Bisphosphonates, specifically alen-
dronate and risedronate'”, are in the first line of treatment for
osteoporosis with few adverse effects'®, and efficiently suppress
bone resorption and prevent fractures. Bisphosphonates have
also shown antitumor effects' and lipid profile modification®.
Recent population-based studies have suggested a 50% reduced
risk of type 2 diabetes mellitus with the use of bisphosphonate,
but it has not yet been proven clinically'”'®. Studies carried out
on mouse models have suggested that reduced bone turnover
can regulate insulin sensitivity'>*°. A population-based cohort
study showed that the use of alendronate decreased the inci-
dence of diabetes®'. However, no clinical trial study has yet
investigated the effect of antiresorptive therapies on fasting glu-
cose, weight and diabetes incidence. The aim of the present
study was to determine the effect of bisphosphonates on meta-
bolic indices (fasting plasma glucose [FPG], insulin, homeostasis
model assessment of insulin resistance [HOMA-IR], homeosta-
sis model assessment of B-cell function [HOMA-B], Matsuda
Index) of postmenopausal women with prediabetes and
osteopenia. We opted for patients with osteopenia, because it is
unethical to deprive osteoporotic patients of proven treatment.

METHODS

Study design

The present triple-blind randomized controlled trial was carried
out in the Isfahan Endocrine and Metabolism Research Center,
Isfahan University of Medical Sciences, Isfahan, Iran, between 20
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March 2016 and 21 December 2016. The study was approved by
the ethics committee of the Isfahan University of Medical
Sciences (code: Ir.muirec.1395.3.292) and registered in the Ira-
nian Registry of Clinical Trials (code: IRCT2016101530309N1).
This study was carried out in accordance with the ethical stan-
dards placed in the 1964 Declaration of Helsinki and its later
amendments. Among all patients who were referred to the Isfa-
han Endocrine and Metabolism Research Center, 60 eligible post-
menopausal women (amenorrhea for at least 12 months), aged
45-60, with prediabetes and osteopenia (bone densitometry with
a T score of —1.5 to —2.4, diagnosed by dual-energy X-ray
absorptiometry (Hologic 2008 model; Orlando, FL, USA) and
normal serum level of vitamin D were recruited (25-
hydroxyvitamin D >20 ng/mL). Those patients who had renal
failure, unattended the follow up, received corticosteroid therapy
or medications that affect carbohydrate or lipid metabolism
including metformin, pioglitazone, statins, beta blockers, anti-
inflammatory and angiotensin-converting enzyme inhibitors,
were excluded from the study. The patients were under surveil-
lance throughout the entire study and were followed up carefully.
According to the patients’ declarations, they took no additional
medications without informing the research team, and patients
who had to use other drugs at any time during the study were
excluded. The sample size was determined to be 30 patients in
each group based on previous studies, considering 10 people for
loss to follow up®*, with o = 0.05 and B = 80%. Eventually, 40
people were enrolled for the study. The patients’ enrollment
diagram is shown in Figure 1.

All participants gave informed consent, and were randomized
into the intervention and placebo groups using the block ran-
domization method. The intervention group received 70
mg/week alendronate (Dr. Abidi Company, Tehran, Iran), and
the control group received a placebo (produced by the Pharma-
ceutical Faculty of the Isfahan University of Medical Sciences in
the same size, shape and color). The Pharmaceutical Faculty
allocated codes of A and B to these medications, and revealed
the codes to the research team after completion of the clinical
study. One tablet per week for 12 weeks was prescribed for
patients to take in the morning while fasting with a glass of
water, and patients were instructed to remain in the non-supine
position for at least an hour after taking the tablet. The patients
were randomly assigned to treatment arms on a 1:1 basis to
receive alendronate or a placebo. The research team members
who were recording the data, the physicians who examined the
patients and the person who was giving medications to the
patients with codes A and B according to the randomization
block groups were all blind to the group allocations. A member
of the research team contacted the patients every 2 weeks to
ensure the patients were taking the pills, therefore the included
participants that completed the study protocol had complete
adherence to the medications. Two blood samples were col-
lected from each participant at the baseline and at the end of
the follow-up period; after 8 h of overnight fasting, FPG, insu-
lin, HbAlc and 25 hydroxyvitamin D; were measured. The
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Osteopenic patients (n = 500)

Excluded (n = 420)

Not meeting inclusion criteria (n = 420):
Aage < 45 years or> 65 years (n = 143)
Medication affecting carbohydrate
or lipid metabolism (n = 85)

Did not attend screening (n = 128)
Women not menopause (n = 49)
Renal failure (n = 2)

Prednisolone user (n = 13)

Randomized (n = 80)

| Allocation I
J

Allocated to intervention group (n = 40)
Received allocated intervention (n = 40)

Allocated to control group (n = 40)
Received allocated intervention (n = 40)

I Follow-up |

Lost to follow-up (did not refer) (n = 0)

Discontinued intervention (gastro-intestinal
and musculoskeletal adverse effects) (n = 10)

Lost to follow-up (did not refer) (n = 5)
Discontinued intervention (gastro-intestinal
and musculoskeletal adverse effects) (n = 5)

3

al

ysis

Analyzed (n =30)

Excluded from analysis (n=0)

Analyzed (n = 30)

Excluded from analysis (n=0)

Figure 1 | Consort flow diagram for enrollment of participants in the studly.

glucose tolerance test was carried out by using 75 g glucose,
and the blood samples were collected before and after 30, 60
and 120 min to measure plasma glucose and insulin. Insulin
sensitivity and resistance were calculated using the Matsuda
Index and HOMA-IR, respectively. The Matsuda Index was
calculated by: 10,000/square root of (fasting glucose [mg/dL] x
fasting insulin [mIUV/L]) x (mean glucose [mg/dL] x mean
insulin [mIUI/L] during oral glucose tolerance test [OGTT])
and HOMA-IR was defined as: (fasting glucose [mmol/mL] x
fasting insulin [mIUI/L]) / 22.5. B-cell function was measured
using HOMA-B, defined as: 20 x fasting insulin [mIUI/L] /
(fasting plasma glucose [mmol/mL] — 3.5)%,

Plasma glucose levels were measured by colorimetric enzy-
matic method using photometric single-point measurement. The
insulin levels were measured by sandwich chemiluminescent
immune assay (DIAPLUS insulin—96 test; Siemens, Munich, Ger-
many). Interassay coefficients of variation were 0.9 for glucose
and 1.9 for insulin, and their intra-assay coefficients of variation
were 1.5 and 2.53, respectively. HbAlc was measured using the
chromatography ion exchange approach. Vitamin D (25 hydrox-
yvitamin D) concentration was assessed by direct competitive
chemiluminescent immunoassay (IDS, Boldons, UK).

Statistical analysis

The continuous quantitative variables are reported as the mean
and standard error or the median (interquartile range). Nor-
mality of data was evaluated using the Kolmogorov—Smirnov
test and Q-Q plot. Log transformation was used for all positive
skewed data including HbAlc and HOMA-IR. The indepen-
dent samples t-test was used for comparing the quantitative
baseline data between two groups. In order to detect within-
group differences in the biochemical characteristics, paired sam-
ples t-test was used and analysis of covariance (aNcova) was
carried out to determine the differences between two groups,
adjusted by baseline values. The changes in glucose and insulin
concentrations (obtained during the 2-h OGTT) were evaluated
using repeated measures analysis of variance (anova). All exper-
imental data were analyzed using the Statistical Package for the
Social Sciences (SPSS, version 20; SPSS Inc., Chicago, IL, USA).

RESULTS

The present study was carried out between 20 March 2016 and
21 December 2016 on women with osteopenia and prediabetes
states. A total of 20 participants, 10 patients from the placebo-
treated group (poor compliance, n = 10; lost to follow up,
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n=0) and 10 patients from the 70 mg alendronate-treated
group (poor compliance, n = 5; lost to follow up, n = 5) were
excluded. Finally, 60 patients (placebo-treated group, n = 30;
70 mg alendronate-treated group, n = 30) completed the trial
(Figure 1). The excluded participants were compared with those
who completed the study on available data for HbAlc and
FBS, and no significant differences were detected.

The baseline characteristics of patients are presented in
Table 1. The participants of both groups were similar according
to demographic and anthropometric characteristics, serum mea-
surements and laboratory data including 25 hydroxyvitamin Ds
concentration (P > 0.05) at baseline.

A significant decrease was found in FPG and HbAlc, and an
increase was found in the Matsuda Index (P < 0.001), and
decrease in insulin of 120 min and HOMA-IR (P < 0.05) in
the alendronate-treated group after intervention (Table 2). At
the end of the study, the mean FPG and HbAlc were statisti-
cally different between the alendronate- and placebo-treated
groups. The same outcomes were obtained between two groups
after adjustment of baseline values for biochemical characteris-
tics with ANcova. We also observed statistically significant
reductions of FPG (-8.2 [8.63] mg/dL vs —2.5 [14.26] mg/dL,
P=0002) and HbAlc (=02 [023]% vs —0.09 [0.26]%,
P = 0.015) in the alendronate-treated group compared with the
placebo-treated group during the course of the study.

The means (standard error) of plasma glucose and insulin
levels during OGTT in the patients before and after interven-
tion (administration of alendronate and placebo) are shown in
Figures 2 and 3, respectively. The cubic trend was detected,
and statistically significant differences in plasma glucose over
time at all measured points (30, 60 and 120 min during the
OGTT) were observed in 70 mg alendronate-treated group.
These changes in alendronate-treated patients were significantly
higher than the placebo-treated group (F(ss = 4.433,
P—value = 0.04). The changes in plasma insulin concentrations
of alendronate-treated patients were statistically insignificant
over the time-points of OGTT (30, 60 and 120 min). The

Table 1 | Baseline characteristics of 70 mg alendronate- and placebo-
treated patients

Characteristics Alendronate  Placebo P-value*
treated treated
(n = 30) (n = 30)
Age (years) 565 (63) 553 (40) 0406
Height (cm) 16033 (1.07) 16180 (1.10) 0344
Weight (kg) 685 (9.3) 683 (94) 0912
Body mass index (kg/m?) 266 (3.1) 260 30) 0449
Waist circumference (cm) 84.0 (9.5) 815 (109 0346
Systolic blood pressure (mmHg) 1297 (140) 1283 (158) 0.731
Diastolic blood 694 (18.1) 710 (189 0728

pressure (mmHg)

*Resulted from independent samples t-test.

http://onlinelibrary.wiley.com/journal/jdi

mean of plasma glucose and insulin levels remained unchanged
in the placebo-treated participants during OGTT.

DISCUSSION

The primary aim of the present randomized controlled trial
was to investigate the effect of alendronate on plasma glucose,
insulin levels, sensitivity and resistance indices during an OGTT
among osteopenic prediabetic postmenopausal women. We
found an 8.2-mg/dL decrease in FPG and 0.2% in HbAlc
among the alendronate-treated group, which remained statisti-
cally significant after adjustment for confounding variables in
the intervention group, whereas the changes were not signifi-
cant in the control group. These results suggest that 70
mg/week oral alendronate for 12 weeks can significantly
improve FPG and HbA,C levels of prediabetes postmenopausal
women and might slow down the rate of progression to diabetes.

The comparison of the results of plasma glucose (OGTT)
before and after intervention showed a statistically significant
decrease in plasma glucose in the 70 mg alendronate-treated
group at all intervals (30, 60 and 120 min during the OGTT),
as well as a significant difference with the placebo group. These
results are similar to the observational studies showing a lower
incidence of type 2 diabetes mellitus in patients receiving bis-
phosphonates'”'®, and the present randomized controlled trial
confirmed lower plasma glucose levels in OGTT by alen-
dronate. A cohort study in Denmark'® reported a reduced rate
of developing type 2 diabetes mellitus in patients taking medi-
cations (alendronate, etidronate and raloxifene) for osteoporosis
with non-diabetic control participants, and noted a dose—de-
pendent risk reduction for alendronate. In individuals aged
>60 years without diabetes at baseline, more than a year of
exposure to bisphosphonates (including alendronate, rise-
dronate, etidronate, zoledronate and ibandronate) reduced the
risk of diabetes mellitus (odds ratio 0.52) compared with gen-
eral matched unexposed individuals in a retrospective popula-
tion-based study'’. A significantly higher incidence of diabetes
mellitus (odds ratio 1.21) was also reported in the control
group compared with the alendronate-treated osteoporotic
patients without diabetes mellitus in a retrospective cohort
study?’. This incidence rate was statistically significant among
patients aged <65 years and those without hypertension or dys-
lipidemia®. Although the results of previous studies are in
agreement with the present study, our group specifically
included prediabetes and postmenopausal women. We mea-
sured FPG, HBA1C, HOMA-IR and the Matsuda Index, and
compared two randomized groups with similar baseline charac-
teristics, despite healthy individuals being chosen for the control
groups in previous reports' %1,

The present study is the first report on evaluating the effect
of alendronate on serum glucose and insulin parameters (FPG,
insulin, HOMA-IR, HOMA-B and Matsuda Index) of patients
with osteopenia and prediabetes. Animal studies have shown
that insulin signaling in osteoblasts promotes glucose metabo-
lism in a bone resorption-dependent manner'**’, prevents
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Table 2 | Serum measurements before and 12 weeks after intervention in study groups

Variables Alendronate treated (n = 30) Mean Placebo treated (n = 30) Mean prx
difference difference
Before After P* (SE) Before After P* (SF)
FPG 1024 (146) 942 (1.17) <0001 —82 (863) 1064 (1.98) 1039 (2.31) 0345 —25(14.20) 0002
(mg/dL) (1015 [96.8-107.2) (95 [90.5-982]) (105 [99-115.22]) (102 [95-113])
FPI (mU/L) 1387 (1.60) 11.3 (1.05) 0065 —2.56 (7.33) 1533 (4.10) 1563 (409 0949 03 (256) 0327
HbA1C (%) 560 (0.06) 540 (0.05) <0001 -02 (0.23) 577 (007) 568 (0.08) 0070  —009 (0.26) 0015
(555 [54-58]) (54 [5.25-5.5]) (5.75 [548-5.03]) (565 [5.3-6))
250H(D)s 8047 (9.06) 85.17 (746) 0433 4.70 (32.39) 9527 (12.18) 104.87 (11.73) 0289 96 (487) 0314
(ng/mL)
HOMA-IR 357 (045) 262 (0.24) 0021 —095 (2.12) 4.19 (0.66) 411 (1.1 0951 —0.08 (7.26) 0203
(276 [1.87-44) (244 [154-319) (3.12 [2.31-4.95)) (279 [1.72-39)
HOMA-B 12430 (12.50) 1363 (15.05) 0353 12 (696) 12296 (12.50) 139.23 (31.90) 0632 1627 (184.3) 0920
AUC 92772 (4749 864.86 (2864) 0113 —62.86 (169) 100044 (3940) 96033 (4547) 0289  —40.11 (2034)  0.165
(glucose)
AUC 48872 (756) 47424 (2.7) 0144  —1448 (5285) 48954 (138) 47588 (1544) 0403  —1365 (88.1) 0944
(insulin)
Matsuda 7.7 (047) 92 (041) <0001 145 (23) 7.3 (45) 83 (41) 0100 093 (29 0.166
index (767 [607-931)) (871 [7.62-1096])) (721 [5.77-837]) (815 [6.74-10.39))

Values are shown as mean and standard error (SE) and (median [interquartile range]).*Obtained from paired samples test. **Obtained from Ancova
after adjusting baseline values. 250H(D)s, 25 hydroxyvitamin Ds; AUC, area under curve; FPG, fasting plasma glucose; FPI, fasting plasma insulin;
HbATc, hemoglobin Alc; HOMA-B, homeostasis model assessment of B-cell function; HOMA-IR, homeostasis model assessment of insulin resistance.
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Figure 2 | The effect of alendronate and the placebo on plasma
glucose during an oral glucose tolerance test before and after
intervention in both groups. *P-value <0.05 in comparison between
before and after treatment by 70 mg alendronate (cubic trend) at all
measured time-points. SE, standard error.

Figure 3 | Effect of alendronate and the placebo on plasma insulin
levels during an oral glucose tolerance test before and after
intervention in both groups.

expression of the insulin genes and cell proliferation markers in
rat models**. We anticipate that alendronate influences glucose

insulin resistance and diabetes, and regulates glucose metabo-
lism through alterations in bone metabolism and fat mass™,
suggesting bone as an endocrine regulator for glucose metabo-
lism***, In addition, the effect of bisphosphonates on early dia-
betes-associated bone loss has been confirmed in rodent
models®*?’. Decarboxylation of osteocalcin produced by osteo-
blasts due to unknown factors results in its activation. Osteocal-
cin interacts with the insulin receptor of the pancreatic B-cells,
leading to altered glucose metabolism'®, and regulates the

metabolism through the above-mentioned mechanisms, as well
as disruption of prenylation of small molecular mass G-proteins
and pro-inflammatory cytokines or mutations in gastric inhibi-
tory polypeptide receptors'”?®. Further evidence in humans
reported improved bone health by bisphosphonates in post-
menopausal women with type 2 diabetes mellitus®>°, but could
not confirm the effect of bisphosphonates on osteocalcin and
insulin metabolism®', which is in agreement with the present
study, indicating no significant difference in plasma insulin
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levels between the 70 mg alendronate-treated group and the
control group. We have shown that bisphosphonates might
prevent progression of prediabetes to diabetes mellitus in post-
menopausal patients.

The major strength of the present study was designing a
well-controlled triple-blind clinical trial, which compared two
randomized groups with parallel baseline characteristics,
whereas previous studies mainly evaluated participants using a
retrospective design. We also investigated the serum variables
to assess diabetes-related indices (FPG, insulin, HOMA-IR,
HOMA-B, Matsuda Index) among postmenopausal prediabetic
women with a high risk of developing diabetes mellitus
and osteoporosis, whereas previous reports studied the general
population.

In contrast, the present study had some limitations,
including the small sample size in each group, which
could explain the non-significant differences between
groups. We detected no significant differences between
available characteristics of excluded patients compared
with those who completed the study; however, this com-
parison was made based on limited data. Although 30
participants is statistically sufficient to achieve reliable
results, it is suggested that future multicentric studies
address the same population with a larger sample size.

Administration of 70 mg/week alendronate significantly
reduced FPG, HbAlc and HOMA-IR, and increased the Mat-
suda Index in postmenopausal women with prediabetes and
osteopenia, whereas there was a significant difference only in
terms of FPG and HbAlc between the two groups at the end
of study. This indicates a positive effect of alendronate on dia-
betes-related indices, specifically FPG and HbAlc.

ACKNOWLEDGMENTS

The authors thank Dr Massoud Taheri, radiologist, for his
cooperation in encouraging the patients to participate in the
study, and Dr Sayed Abolfazl Mostafavi, pharmacist, for pro-
ducing the placebo tablets. This research was supported by and
carried out at the Isfahan Endocrine and Metabolism Research
Center, and it did not have a sponsor.

DISCLOSURE

The authors declare no conflict of interest.

REFERENCES

1. van Susan D, Beulens JW, Yvonne T, et al. The global
burden of diabetes and its complications: an emerging
pandemic. Eur J Cardiovasc Prev Rehabil 2010; 17: s3—s8.

2. Esteghamati A, Gouya MM, Abbasi M, et al. Prevalence of
diabetes mellitus and impaired fasting glucose in the adult
population of Iran: the national survey of risk factors for
non-communicable diseases of Iran. Diabetes Care 2007; 31:
96-98.

3. American Diabetes Association. Diagnosis and classification
of diabetes mellitus. Diabetes Care 2014; 37: S81-S90.

20.

21.

http://onlinelibrary.wiley.com/journal/jdi

. Temm C, Dominguez JH. Microcirculation: nexus of

comorbidities in diabetes. Am J Physiol Renal Physiol 2007;
293: F486-F493.

. Li G, Zhang P, Wang J, et al. The long-term effect of

lifestyle interventions to prevent diabetes in the China Da
Qing Diabetes Prevention Study: a 20-year follow-up study.
Lancet 2008; 371: 1783—1789.

. Pan XR, Li GW, Hu YH, et al. Effects of diet and exercise in

preventing NIDDM in people with impaired glucose
tolerance: the Da Qing IGT and Diabetes Study. Diabetes
Care 1997; 20: 537-544.

. Buysschaert M, Bergman M. Definition of prediabetes. Med

Clin 2011; 95: 289-297.

. Zhang X, Gregg EW, Williamson DF, et al. A1C level and

future risk of diabetes: a systematic review. Diabetes Care
2010; 33: 1665-1673.

. Tuso P. Prediabetes and lifestyle modification: time to

prevent a preventable disease. Perm J 2014; 18: 88.

. McLellan KC, Wyne K, Villagomez ET, et al. Therapeutic

interventions to reduce the risk of progression from
prediabetes to type 2 diabetes mellitus. Ther Clin Risk
Manag 2014; 10: 173.

. Kanis JA. Assessment of osteoporosis at the primary health

care level. WHO Collaborating Centre for Metabolic Bone
Diseases. WHO Collaborating Centre for Metabolic Bone
Diseases, 2007.

. Dempster DW. Osteoporosis and the burden of

osteoporosis-related fractures. Am J Manag Care 2011; 17
S164.

. Drake MT, Clarke BL, Khosla S. Bisphosphonates: mechanism

of action and role in clinical practice. Mayo Clin Proc 2008;
83: 1032-1045.

. Abrahamsen B. Adverse effects of bisphosphonates. Calcif

Tissue Int 2010; 86: 421-435.

. Guise TA. Antitumor effects of bisphosphonates: promising

preclinical evidence. Cancer Treat Rev 2008; 34: S19-S24.

. Guney E, Kisakol G, Ozgen AG, et al. Effects of

bisphosphonates on lipid metabolism. Neuro Endocrinol Lett
2008; 29: 252—-255.

. Toulis KA, Nirantharakumar K, Ryan R, et al. Bisphosphonates

and glucose homeostasis: a population-based, retrospective
cohort study. J Clin Endocrinol Metab 2015; 100: 1933-1940.

. Vestergaard P. Risk of newly diagnosed type 2 diabetes is

reduced in users of alendronate. Calcif Tissue Int 2011; 89:
265.

. Ferron M, Wei J, Yoshizawa T, et al. Insulin signaling in

osteoblasts integrates bone remodeling and energy
metabolism. Cell 2010; 142: 296-308.

Rached MT, Kode A, Silva BC, et al. FoxO1 expression in
osteoblasts regulates glucose homeostasis through
regulation of osteocalcin in mice. J Clin Investig 2010; 120:
357-368.

Chan DC, Yang RS, Ho CH, et al. The use of alendronate is
associated with a decreased incidence of type 2 diabetes

736 J Diabetes Investig Vol. 10 No. 3 May 2019

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

95U8017 SUOWIWOD SAEeID) 3|(dedt|dde au Aq peusenob a1e sooiLe VO ‘88N JO S9N J0j ARIGIT 8UIUO AS]IA UO (SUOTHIPUOD-PUE-SLUIB) LD A8 | 1M A ed 1[UlUO//SANY) SUORIPUOD Pue SWwis 1 81 88S *[£202/60/TT] Uo Ariqiaulluo A8|Im ‘(-ouleAnde) aqnopesy Aq vv6ZT IPI/TTTT OT/I0P/W00 A8 |1 Aleiq1pul|uoy/sdny Wwolj papeojumod ‘€ ‘6T0Z ‘vZTTOV0Z



http://onlinelibrary.wiley.com/journal/jdi

22.

23.

24,

25.

26.

27.

mellitus—a population-based cohort study in Taiwan. PLoS
ONE 2015; 10: e0123279.

Tuomilehto J, Wolf E. Primary prevention of diabetes
mellitus. Diabetes Care 1987; 10: 238-248.

Wallace TM, Levy JC, Matthews DR. Use and abuse of
HOMA modeling. Diabetes Care 2004; 27: 1487—1495.

Ferron M, Hinoi E, Karsenty G, et al. Osteocalcin differentially
regulates B cell and adipocyte gene expression and affects
the development of metabolic diseases in wild-type mice.
Proc Natl Acad Sci USA 2008; 105: 5266-5270.

Lee NK, Sowa H, Hinoi E, et al. Endocrine regulation of
energy metabolism by the skeleton. Cell 2007; 130:
456-469.

Gangoiti MV, Cortizo AM, Amol V, et al. Opposing effects of
bisphosphonates and advanced glycation end-products on
osteoblastic cells. Eur J Pharmacol 2008; 600: 140-147.

Coe LM, Tekalur SA, Shu Y, et al. Bisphosphonate treatment
of type | diabetic mice prevents early bone loss but

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

28.

29.

30.

31

CLINICAL TRIAL
Alendronate improves insulin indices

accentuates suppression of bone formation. J Cell Physiol
2015; 230: 1944-1953.

Schwartz AV, Schafer AL, Grey A, et al. Effects of
antiresorptive therapies on glucose metabolism: results
from the FIT, HORIZON-PFT, and FREEDOM trials. J Bone
Miner Res 2013; 28: 1348-1354.

Kanazawa |, Yamaguchi T, Shimizu T, et al. Effects of
treatment with risedronate and alfacalcidol on progression
of atherosclerosis in postmenopausal women with type 2
diabetes mellitus accompanied with osteoporosis. Am J
Med Sci 2010; 339: 519-524.

Keegan TH, Schwartz AV, Bauer DC, et al. Effect of
alendronate on bone mineral density and biochemical
markers of bone turnover in type 2 diabetic women: the
fracture intervention trial. Diabetes Care 2004; 27: 1547—1553.
Motyl KJ, McCabe LR, Schwartz AV. Bone and glucose
metabolism: a two-way street. Arch Biochem Biophys 2010;
503: 2-10.

Appendix S1 | Consolidated Standards of Reporting Trials (CONSORT) 2010 checklist of information to include when reporting a
randomized trial.

© 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

737

J Diabetes Investig Vol. 10 No. 3 May 2019

95U8017 SUOWIWOD BRI 3|(dedl|dde au Aq peusenob a1e sooiLe VO ‘88N JO S9N J0j ARIq1IT BUIUO AS]IAR UO (SUOTHIPUOD-PUE-SLUIB)/LID™A8 | 1M ATe.q 1[ulJUO//:SANY) SUONIPUOD Pue Swis 1 81 88S *[£202/60/TT] uo AriqiTauluo A8|im ‘(-uleAnde) aqnopesy Ad vv6zT IPITTTT OT/I0P/W00 A8 Aleiqipul|uoy/Sdny Wwolj pepeojumod ‘¢ |



