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Abstract

Anti-diabetic drugs may have negative, positive or neutral effect on
bone health. The aim of this study was to compare the effect of com-
bined treatment of metformin and insulin, metformin monotherapy
and insulin monotherapy on Bone Mineral Density (BMD), Bone Min-
eral Content (BMC) and bone markers in postmenopausal women. In
this cross-sectional study, a total of 81 postmenopausal women aged
50 years or older were recruited. Twenty women were on metformin
monotherapy (M,n=20), 28 on metformin and insulin therapy (M+l,
n=28), and 25 women on insulin monotherapy. Only 8 women were
without treatments of diabetes (WT, n=8). Biochemical analysis was
obtained and BMD, BMC, lean and fat mass in different sites were
measured by dual-energy X-ray absorptiometry scanning. The results
show a significantly higher femoral neck BMD value in women on met
formin combined to insulin therapy compared to women on insulin
mono therapy after adjustment for all possible covariates. In addition,
we observed a higher BMC at the trunk level in women taking met-
formin drugs compared to those taking insulin combined with metfor-
min treatment, and women on insulin monotherapy after adjustment.
However, there is no significant difference in bone markers concentra-
tions between groups. We hypothesized that only insulin monotherapy
is associated to a reduced bone mineral density and content in type 2
diabetic postmenopausal women. Also, our findings suggest a favor-
able and positive effect of metformin on bone mineral density and
content.

Keywords: Bone mineral density; Bone mineral content; Bone mark-
ers; Metformin; Insulin; Postmenopausal women.
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Introduction

Bone Mineral Density (BMD) has been widely accepted as
the main measure for the diagnostic of osteopenia and osteo-
porosis [1]. Osteoporosis is a disease marked by bone loss and
significant bone fragility leading to an increased risk of fracture
[2]. Age-related osteoporosis is four times more common in
women due to postmenopausal hormone deprivation [3]. It is
defined by a BMD which is reduced compared to normal levels.
The reduction of bone densitometry with a T-score of <-2.5 was
based on the definition of the World Health Organization. Low
BMD is a major risk factor for osteoporosis and fracture [4].

Type 2 Diabetes Mellitus (T2DM) is a disease closely linked to
aging, and its prevalence increases markedly in postmenopaus-
al women [5]. While T2DM and osteoporosis have been tradi-
tionally viewed as separate entities, accumulating evidence
indicates that these diseases are linked. Indeed, growing body
of epidemiological studies has suggested that diabetes mellitus
and risk of fall or fractures are common among the older and
postmenopausal subjects [6,7].

Mechanisms underlying the deleterious effects of diabetes
on bone health are partially known. However documented
results from previous studies suggest that increased bone fra-
gility in these patients is likely to be related to impaired bone
strength, possibly caused by increased porosity of cortical bone
[8] and compromised bone material strength [9]. This detri-
mental effect of diabetes on bone might be multi-factorial such
as hyperglycemia [10] and abnormal parathyroid hormone ho-
meostasis [11].

Another variable that could play a key role in bone metabo-
lism and fracture risk is the drug regimen used to treat T2DM.
Indeed, Anti-diabetic medication are often prescribed for glu-
cose control level in diabetic patients. However, studies on
the relationship between anti-diabetic drugs and bone health
convey conflicting finding [12,13]. For example, several studies
have reported an increase in the number of fractures among
patients with T2DM who were treated with insulin [14,6]. In
contrast, studies have reported a positive relationship between
BMD and insulin therapy in patient with diabetes mellitus [15]
and an increase in bone formation and reduction of bone re-
sorption in adult mice after injection of insulin [16].

Moreover, metformin is an oral anti-diabetic drug accepted
as first line therapy in the treatment of T2DM. Clinical and pre-
clinical data suggest a positive [12] or neutral [17] effect of met-
formin on BMD, fracture risk and bone metabolism.

Hence, clinical and epidemiological studies are conflicted re-
garding the effect of anti-diabetic drugs on bone. Therefore, a
better understanding of the impact of various classes of diabe-
tes medication and their combination on bone is essential to
aid clinicians in informed decision-making for judicious use of
different medications of diabetes mellitus when associated to
osteoporosis.

Since the comparison of the effect of combined treatment
of metformin and insulin, metformin monotherapy and insulin
injection on BMD, Bone Mineral Content (BMC) and bone mark-
ers has not been assessed simultaneously in clinical research,
we aimed to investigate the impact of these different forms of

anti-diabetic therapy on bone profiles in postmenopausal wom-
en with T2DM.

Patients and methods
Patients

In this cross-sectional study, 101 Tunisian postmenopausal
women were initially recruited but 20 patients left the study for
socio-economic reason. The 81 postmenopausal women (age
range: 50-83 years) involved in this study were recruited for a
period of 1 years, during their visits for routine examinations,
from the endocrinology department of the National Institute of
Nutrition and Food Technology of Tunis, Tunisia.

Women admitted to this study must be at least 50 years of
age, postmenopausal (cessation of menstruation for at least 1
year), with or without type 2 diabetes mellitus and previously
undiagnosed for osteoporosis or osteoporotic fracture. None of
the patients had any of the following disorders: liver or renal
disease, endocrinopathy such as hyperthyroidism, hyperpara-
thyroidism, chronic inflammatory rheumatism, early meno-
pause before the age of 40, previous pathological fracture and
multiple fractures in childhood. All subjects were free of drugs
knowns to influence bone metabolism, including: bisphospho-
nate, or estrogen replacement therapy, corticosteroids, thyroid
hormone, thiazide diuretic, heparin, barbiturates, calcitonin, vi-
tamin D supplement and calcium.

In this population, we have distinguished 4 groups: women
on metformin monotherapy (M, n= 20), women on metformin
and insulin therapy (M+I, n=28), women on insulin monothera-
py (I, n=25), and a group of women without treatments of dia-
betes (WT, n=8).

A standardized questionnaire was used to collect informa-
tion such as age, age at the onset of menopause, duration of
diabetes, education, occupation, family history of osteoporosis,
history of peripheral traumatic fractures, weight history, smok-
ing habits, level of physical activity, and current medication use.

The study has received ethics approval from the local ethics
committee of the National Institute of Nutrition and Food Tech-
nology of Tunis and all participants signed informed consent
documents before the study. The consent includes the agree-
ment of patients to participate in the clinical study and to un-
dergo free densitometry examination.

Anthropometric parameters

Each participant was weighed by a scale with a precision of
100 g after keeping only her underwear. Height was determined
to the nearest cm in a standing position. Waist circumference
was measured at the narrowest part of the abdomen, that is, at
the natural indentation between the 10th rib and the iliac crest
(minimum size). The Body Mass Index (BMI) of each patient was
calculated as the weight (kg) divided by the square of height
(m?).

Hypertension was diagnosed according to predetermined
blood pressure level (systolic blood pressure >130 mmHg and/
or diastolic blood pressure level >85 mmHg) [18] or the patients
were on antihypertensive therapy.
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Biochemical analysis

Blood samples were taken from antecubital vein, in subjects
who had fasted for at least 12 hours, and placed into heparin-
ized or non-heparinized tubes. Tubes were centrifuged at 3000
x g for 10 min. The sample was taken at a fixed time in the
morning between 07:30 and 08:30.

The parameters of carbohydrate (glycemia and glycated
hemoglobin [HbA1c]), lipid (total cholesterol, triglycerides,
high density lipoprotein cholesterol [HDL-cholesterol]), hepat-
ictransaminases (Alanine Aminotransferase [ALAT], Aspartate
Aminotransferase [ASAT], Gamma Glutamyl-Transferase [GGT],
and Total Alkaline Phosphatases [PAL]), Renal (Creatinine) and
calcium and phosphorus levels were determined by well-vali-
dated laboratory routine methods. Serum low density lipopro-
tein cholesterol (LDL-cholesterol) values was estimated using
the Friedewald formula [19].

Fasting blood samples were also collected in non-heparin-
ized tube for the serum insulin concentration, bone resorption
marker (C-Terminal Telopeptide Of Type | Collagen [CTX-1]) and
bone formation marker measurements (N-Terminal Propeptide
Of Procollagen Type | [P1NP]). The tube was left for 30 min at
room temperature (to allow clot formation) then centrifuged
at 1000 x g for 15 min. The serum was separated and stored in
microtubes of 250 pl at 80°C until the day of manipulation.

After adequate thawing, the insulin assay was carried out by
the ELISA method (Enzyme-linked immunosorbent assay) via a
commercial kit (ALPCO, salem, USA). Bone markers concentra-
tion was performed by “IDS-iSYS Multi-Discipline Automated”
automaton with a commercial kit for CTX-l (IDS-iSYS CTX-l,
crossLaps) and PINP (IDS-iSYS Intact PINP).

Dual-energy X-ray Absorptiometry (DXA) measurements

BMD, BMC, and body composition were measured by DXA
using GE-Lunar PRODIGYTM device (GE Healthcare, Madison,
USA) calibrated daily using a standard phantom supplied by the
manufacturer. BMD was measured in the lumbar vertebrae (an-
teroposterior projection at L1-L4), right and left femur, right and
left femoral neck, hip total and whole body and the results were
expressed in g/cm2. DXA also allowed us to evaluate the body
composition and the BMC of each subject from the measure-
ment of the whole body. The BMC is a measurement of bone
mineral found in a specific area. Thus, we quantified lean mass
(kg), body fat (kg and %) and BMC (g) at legs, trunk and the
whole body.

Statistical analysis

The values of the continuous variables are expressed in
mean * SD, the nominal variable is expressed in number of in-
dividuals and in percentage. The Chi-square test was used to
examine difference between groups for hypertension. For con-
tinuous variables, the comparison between the four groups was
carried out by a one-way analysis of variance (one-way ANOVA)
followed by a Fisher LSD test to locate the differences between
the groups. A covariance analysis (ANCOVA) was used to adjust
for covariates that could influence the bone profile according
to the specifications of the STROBE statement [20]. In all cases,
the level of statistical significance was set at p<0.05. All statistics
were performed using the Stat View package (Version 5, SAS
Institute, Inc., Cary, NC).

Results

The anthropometric and clinical parameters of women with
metformin drugs (M, n = 20), metformin drugs and insulin injec-
tion (M+1, n = 28), insulin injection (I, n = 25), and women with-
out anti-diabetic treatment (WT, n = 8) are shown in Table 1.

The age of women under injection of insulinis significantly
higher than women without anti-diabetic treatments (60.48
+ 6.34 vs 54.75 + 2.55 years respectively, p < 0.05). However,
the 4 groups of women are matched for the number of years of
menopause.

Women without anti-diabetic treatment are more likely to
be obese (89.08 + 18.10 vs 75.75 + 10.20 kg, p <0.05) and had
significantly higher BMI (38.01 + 9.42 vs 30.38 + 3.79 kg/m?, p<
0.001) than women on metformin drugs. The height and waist
circumference were not significantly different between groups.

The highest fasting glucose concentration and HbA1lc values
were found in women on metformincombined to insulin (12.35
+3.97 mmol/l and 9.64 + 1.71% respectively). These values are
significantly higher than the M and WT groups. Compared to
the women on metformin drugs, women under insulin injection
showed significant higher insulin concentration (5.02 + 2.33 vs
12.33 +16.17 plU/ml respectively, p <0. 05).

For lipid profile, the M group have highest and significantly
different value of triglycerides compared to the insulin mono-
therapy and WT groups (2.07 * 1.33 vs 1.49 + 0.84 mmol/I
and 2.07 + 1.33 vs 1.31 + 0.21 mmol/l respectively, p <0.05),
whereas, total cholesterol, HDL-cholesterol, and LDL-cholester-
ol showed no significant changes.

However, at the phospho-calcic profile, phosphorus concen-
tration was different between women with metformin com-
bined to insulin and women without treatment (1.15 + 0.14 vs
1.03 £ 0.12 mmol/l, p <0, 05) (Table 1).

The analysis of the body composition shows a considerable
difference in fat mass between the group of women taking met-
formin drugs and untreated women and this in the legs (11.06
+ 3.84 vs 15.55 + 5.92 kg respectively, p <0.01) and the whole
body (34.30 + 7.15 vs 42.80 + 1.14kg respectively, p <0.05).

In all measured sites, the lean mass is different between the
group of women taking metformin and women receiving insulin
with a higher value in the latter (Table 2).

Figure 1 shows a comparison of BMD values at all measured
sites in women treated with metformin alone, metformin and
insulin injection, insulin injection alone, and women without
anti-diabetic treatment after adjusting for age, weight, BMI,
blood glucose, HbAlc, insulin concentration, triglycerides,
phosphorus, body fat and lean mass. We have observed differ-
ences in the left femoral neck BMD values between patients
receiving metforminmonotherapy with insulin injection and
those with insulin treatment only. Indeed, after adjusting for
age, weight, BMI, blood glucose,HbAlc, insulin concentration,
triglycerides, phosphorus, body fat and lean mass, results re-
veal that M+I group have higher BMD than insulin group (0.970
+0.16 vs 0.889 + 0.13 g/cm?; p < 0.05) (Figure 1E).

In addition, we found a significant difference in the right
femoral neck BMD value between women on metformin com-
bined to insulin therapy and women on insulin therapy only
with a lower BMD value in the latter. (0.969 + 0.15 vs 0.899 +
0.11 g/cm?, p < 0.05) (Figure 2F).
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Figure 1: Bone mineral density at the L1-L4 vertebrae (A), left fe-
mur (B), right femur (C), total hip (D), left femoral neck (E), right
femoral neck (F) and wholebody (G) in women with different anti-
diabetic treatments.

The results are expressed as mean = SD (one-way ANOVA test
followed by a Fisher LSD test adjusted by age, weight, BMI, blood
glucose, HbAlc, insulin concentration, triglycerides, phosphorus,
fat and lean mass). *p < 0.05 for M+l vs I. BMD: bone mineral den-
sity; M: Metformin; M+l: metformin and insulin injection; I: Insulin
\\injecrion; WT: Without treatment.
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Figure 2: Bone mineral content in the legs (A), trunk (B) and whole
body (C) in women with different anti-diabetic treatments.

The results are expressed as mean * standard deviation (one-
way ANOVA test followed by a Fisher LSD test adjusted by age,
weight, BMI, blood glucose, HOMA-IR, triglycerides, phosphorus,
fat mass and lean mass). ## p <0.01 for M vs M+l; §§p <0.01 for M
vs |. CMO: bone mineral content; M: Metformin; M+I: Metformin
and insulin injection; I: Insulin injection; WT: Without treatment.
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Next, we compared the BMC at different measurement sites
(legs, trunk, and whole body) in the 4 groups of women under-
going different anti-diabetic treatments, after adjusting for age,
weight, BMI, blood glucose, HbAlc, insulin concentration, tri-
glycerides, phosphorus, fat mass and lean mass.

The results obtained reveal a higher trunk BMC in the group
of women taking oral metformin alone compared to those tak-
ing met formincombined to insulin injection (674 + 127.52 vs
570.96 + 160.58 g, p < 0.01) (Figure 2B). The same difference
in the trunk BMC was observed between women on metformin
drugs only and those on injection of insulin with higher BMC in
the metformin group (674 + 127.52 vs 547.08 + 157.89 g, p <
0.01) (Figure 2B).

CTX-1 and PINP concentrations was not significantly different
betweengroups (Data not shown).

Discussion

This is the first study to compare the effect of different forms
of diabetes therapy: metformin monotherapy, metformin com-
bined with insulin injections and insulin monotherapy on the
BMD, BMC, and bone remodeling markers simultaneously in
diabetic postmenopausal women.

To characterize the different groups of women, we have also
undertaken a detailed analysis of the different anthropomet-
ric, clinical, biochemical parameters and analyzes of the body
composition. These analyzes show that the groups differ in age,
weight, BMI, carbohydrate balance, triglycerides and phospho-
rus. Regarding body composition, these groups are not matched
for body fat and lean mass. Previously, it has been demonstrat-
ed that bone profiles can be positively or negatively influenced
by these parameters. Indeed, several studies have noted the
effects of age [2], weight and related parameters [2,21], car-
bohydrate parameters [22], lipid parameters [23], phosphorus
[24], body fatand lean mass [25] on BMD. Thus, to rule out the
influence of these variables on the BMD, BMC and bone mark-
ers measurements, we have considered these variables as con-
founding factors.

Then, after adjustment for age, weight, BMI, blood glucose,
HbAlc, insulin concentration triglycerides, phosphorus, body
fat and lean body mass, the results of this cross-sectional study
show significantly higher BMD in the left and right femoral neck
in patients treated with combined metformin and insulin com-
pared to patients undergoing insulin injection only. Another in-
teresting finding of our study is that trunk BMC was higher in
women taking metformin drug compared to women taking met-
formin combined with insulin injections and women receiving
insulin alone after adjusting with confounding factors. Never-
theless, BMC of legs and whole body was statistically not differ-
ent between women groups. On the other hand, we observed
higher bone marker concentrations in non-diabetic women, but
these results remain statistically insignificant.

Based on these results, we hypothesized that the combina-
tion of metformin with insulin or metformin drug alone may be
less harmful to femoral neck BMD than insulin injection mono-
therapy. Also, we suggested that the trunkBMCmay be less af-
fected when the subject is treated with metformin drug com-
pared to other types of treatments.

In this study, all patients on oral anti-diabetic drugs are treat-
ed with metformin. It is an anti-diabetic treatment that belongs
to biguanide class and used as first-line agent for the treatment
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CTabIe 1: Anthropometric and clinical parameters of women with different anti-diabetic treatments.

Variables M (n=20) M+l (n=28) 1 (n=25) WT (n=8)
Age (years) 58.90 + 6.60 57.25+5.67 60.48 + 6.34% 54.75 +2.55%
Number of years of menopause (years) 10.37 £5.63 10.04 +7.35 13.08 +7.93 7.50 £ 4.54
Weight (kg) 75.75 + 10.20° 82.71+12.83 82.44 +13.94 89.08 + 18.10°
Height (cm) 157.95 + 6.47 155.82 +4.88 156.72 +5.51 154.12 +10.12
Waist circumference (cm) 106.92 + 14.51 111.27 £11.78 113.0 £11.27 111.25+17.62
BMI (kg/m?) 30.38 +£3.79"* % 33.94 +4.20%* 33.60 + 5.09%# 38.01 +9.42588n ¢
Hypertension
HTA* 8 (40) 20 (71,43) 17 (68) 2(25)
HTA 12 (60) 8(28,57) 8(32) 6 (75)
Duration of diabetes (years) 9.63 £5.27 10.59 +5.70 11.64 +6.27 -
Glycemia (mmol/l) 9.88 +3.94"¢ 12,35+ 3,977 11.47 +4.39% 6.55 + 1.465%w u
HbA1c (%) 7.83+1.80"" "¢ 9.64 +1.71"" 9.09 + 1.58%kuk 6.07 £ 1.08 % ua
Insulin concentration (ul U/ml) 5.02 £ 2.33% 9.89 +10.30 12.33 +16.17* 6.44 +3.23
Total cholesterol (mmol/1) 5.57+1.77 4.88 +0.73 4.75 +1.55 498 +1.46
HDL (mmol/1) 1.22+0.13 1.30+0.26 1.18 +0.31 1.26 +0.54
LDL (mmol/1) 3.31+1.25 291+0.79 296 +£1.03 3.13+1.37
Triglycerides (mmol/I) 2.07 £ 1.33%¢ 1.55+0.52 1.49 + 0.84* 1.31+0.21%
ASAT (Ul1/1) 21.71+8.81 22.85 +9.68 20.71+4.08 19.75 +3.49
ALAT (UI/1) 22.29+10.99 25.35+12.95 21.24+7.14 18.0+2.45
GGT (UI/l) 25.50+14.70 24.56 +£19.49 23.60+13.44 20.17 £2.79
Alkaline phosphatase (UI/I) 68.08 +16.34 74.29 £ 26.81 82.75+25.92 61.67 +19.60
Creatinine (umol/l) 58.40 £9.36 65.20 £13.39 70.55 £ 26.50 67.33+16.17
Calcium (mmol/l) 2.27 £0.08 2.25+0.10 2.30+0.10 2.26 £ 0.09
Phosphorus (mmol/l) 1.08 £ 0.08 1.15+0.14" 1.14+0.14 1.03 £0.12%

The results of the continuous variables are expressed in mean + SD, the nominal variable is expressed in number of individuals and in
percentage in parentheses. Threshold of significance P <0.05 (One-way test ANOVA followed by a Fisher LSD test for continuous variables and
Chi 2 test for the nominal variable). Only the significant differences observed between the groups are represented by the following symbols:
*Mvs M+ #Mvs; § Mvs WT, M + 1 vs WT; pl vs WT. * p <0.05; ** p <0.01; *** p <0.001. M: metformin; M + I: metformin and insulin
injection; I: Insulin injection; WT: Without treatment; BMI: Body Mass Index; HTA +: Presence of hypertension; HTA-: Absence of hypertension;
HbAlc: glycated hemoglobin; HDL: High density lipoprotein; LDL: Low density lipoprotein; ALAT: Alanine aminotransferase: ASAT: Aspartate
aminotransferase; GGT: Gamma glutamyl transferases.

CTabIe 2: Body composition of women with different anti-diabetic treatments. >

Variables M (n = 20) M+l (n =28) I1(n=25) WT (n=38)
Fat mass legs (kg) 11.06 + 3.84% 12.23 +3.66 11.63 +3.52 15.55 + 5.91%
Fat mass trunk (kg) 17.82 +3.04 19.83+4.41 18.87 +4.17 19.97 +4.59
+ §

Whole body fat mass (kg) 34.30+7.15¢% 38.28 £8.56 36.93£8.23 42.80+114
Fat legs (%) 48.00 + 7.26° 49.10 + 6.71% 47.11+6.40 55.20+9.17%*
Fat trunk (%) 48.51 +3.59 48.92 +4.69 47.02 £ 4.60 50.20 +£5.83
+ L

Whole body fat (%) 46.89 + 4.46° 47.79 £ 4.50 46.16 + 4.13% 51.02£6.49
Lean mass legs (kg) 11.51+1.76* 12.22+151 12.68 +2.13% 11.82+1.58
Lean mass trunk (kg) 18.56 + 2.63* 20.44 £2.93 21.03 +3.93% 19.86+5.43
Whole body lean mass (kg) 38.28 + 3.80% 41.24+4.85 42.50 + 6.81" 40.31+7.84

The results are expressed as mean + SD. Threshold of significance p <0.05 (One-way test ANOVA followed by Fisher LSD test). Only the
significant differences observed between the groups are represented by the following symbols: §p <0.05; §§p <0.01. #: M vs |; §: M vsWT; x:
M + | vs WT.M: metformin; M + |: metformin and insulin injection; I: Insulin injection; WT: Without treatment.
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of types 2 diabetes [2].

Metformin acts through numerous mechanisms, although
the main mechanism appears to be the indirect activation of
Adenosine Monophosphate-Kinase (AMPK) pathways on the
multiple tissues, which leads to a reduction in the release of
glucose by the liver, fatty acid synthesis, and stimulates glucose
up take and fatty acid oxidation [12].

Recent data indicate that several drugs employed for diabe-
tes treatment may affect skeletal metabolism [26]. Preclinical
and clinical data suggest a positive [12] or neutral [17] effect
of met formin on fracture risk or bone loss in diabetes melli-
tus. However, our results show a positive effect of metformin
combined with insulin on left and right femoral BMD compared
to the women’s group with insulin therapy. Also, the positive
effect of metformin was observed for trunk BMC in women on
oral anti-diabetic drugs only compared to women on insulin
therapy. This effect also persists when metformin is combined
with insulin.

However, there are no studies that test the effect of the com-
bination of metformin with insulin on bone. Nevertheless, study
conducted on patients treated with a combination of metfor-
min and rosiglitazone and patients with metformin only founds
that metformin monotherapy had a positive effect on BMD [27].

These positive effects of metformin on bone were also con-
firmed by a cohort study involving types 2 diabetes patients
(mean age 61.7 + 14.0 years) showing a reduction of fracture
risk with biguanides therapy [28]. In addition, a larger case-
control study included all fracture cases demonstrated that the
metformin administration was protective against risk of fracture
even after adjusting for other risk factors [29]. Moreover, in a
cohort of older patients with T2DM who were followed for ap-
proximately 10 months, fracture rates for women (mean age 76
+ 7 years) using metformin were lower than those for women
(mean age 77 t 7 years) using thiazolidinediones another oral
antidiabetic treatment [30]. Although, these studies are consis-
tent with our findings on the beneficial effect of metformin on
bone, however there is a lack of data on the effect of this treat-
ment on BMD, BMC and also the effect of the combination of
metformin with insulin treatment.

For Type 2 Diabetes Patients, insulin treatment reflects the-
severity and long history of diabetes treatment [26]. Results
from preclinical and clinical studies shows a negative effect
of insulin therapy on the bone profiles in diabetes.Our results
demonstrate a significantly lower BMD of the left and right fem-
oral neck in patients treated with insulin compared to patients
on insulin injection combined with oral metformin. Similarly,
the lowest trunk BMC was observed in patients undergoing in-
sulin treatment and this compared to other groups of women.
In the same context, several studies have reported an increase
in the number of fractures among patients with type 2 diabetes
who were treated with insulin [14]. However, these data should
be interpreted with caution, as patients on insulin usually have
long-term disease and suffer from peripheral neuropathy that
might increase the risk of falling. To avoid these risk factors, in
our study the selected diabetic patients have no previous frac-
tures and no multiple fractures in childhood. Finding from a
prospective cohort study which included 3050 older Mexican
American subjects, of 690 types 2 diabetes patients, 134 pa-
tients experienced higher risk of fractures with insulin treat-
ment [31]. In addition, a prospective cohort study performed
in older women have reported an elevated risk of foot fracture

in women on insulin therapy compared to non-diabetic patients
[32]. A study conducted by Napoli et al., suggested that diabet-
ics individuals treated with insulin have shown increased risk of
non-vertebral fracture [6]. In contrast, results from few clinical
studies demonstrated that no significant association was found
between the risk of fractures and insulin therapy [29,14].

Regarding resorption and formation bone markers, we have
observed a lower concentration of CTX-l and P1NP in the group
of women treated with a combination of metformin and insulin.
The greater concentration of bone markers was observed in pa-
tient without anti-diabetic treatments. However, these results
remain statistically not significant. Similarly, study conducted in
patient with diabetes mellitus reported that after 24 weeks of
metformin treatment, serum CTX-I level was unaffected [33]. In
contrast, studies have demonstrated thatmetformin increases
osteoblast-specific markers such as type | collagen and osteo-
calcin, and also promotes osteoblast differentiation [34,35].
Other study has also reported that metformin effectively re-
duces osteoclasts number and attenuates alveolar bone resorp-
tion by modulating RANKL/OPG ratio [36]. Also, Cornish et al.
suggested that injection of insulin for a period of 5 days in adult
mice increased bone formation and reduced bone resorption
[16].

Limitations

Some limitations in our data are worth noting. First, the study
population was relatively small (especially the control group) to
generalize the results. Second, the cross-sectional nature of the
study, which is not possible to make any cause-and-effect in-
ference on the relationship between the different anti-diabetic
treatments and bone profile. Finally, all the participants were
Tunisian postmenopausal women, and our results may not be
generalized to other ethnicities. On the other hand, the main
novelty of the study is that it includes a group of women on
combined treatment of metformin and insulin. In addition, this
study is among the few studies that investigate the effect of dif-
ferent forms of anti-diabetic therapy on BMD, BMC and bone
markers simultaneously. Additionally, no participant had taken
a drug known to interfere with normal bone metabolism. Also,
our relatively homogenous study population (in term of race,
age and age of menopause) may have strengthened our find-
ing since many of these factors are known to profoundly impact
bone.

Conclusion

In summary, data from our study indicate that BMD in the
left and right femoral neck was significantly higher in patients
treated with a combination of metformin and insulin injection
compared to patient with insulin monotherapy and this after
adjustment by all confounding variables. In addition, trunk BMC
was higher in women taking metformin medication compared
to women with another anti-diabetic treatment. Our finding
suggests that treatment with metformin alone or combined
with insulin might be less harmful to BMD and BMC than insulin
monotherapy. Therefore, our findings suggest a favorable and
positive effect of metformin on bone.However, the mechanisms
that underlie these results remain unclear, therefore more well-
controlled prospective studies are warranted to establish the
association between anti-diabetic drugs and bone parameters.
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