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Abstract
Preclinical studies have shown a potential osteoanabolic effect of metformin but human studies of how metformin affects 
bone turnover are few. A post hoc sub-study analysis of an 18-month multicenter, placebo-controlled, double-blinded trial in 
type 2 diabetes mellitus (T2DM), randomizing participants to metformin versus placebo both in combination with different 
insulin analogue regimens (Metformin + Insulin vs. Placebo + Insulin). Patients were not treatment naive at baseline, 83% 
had received metformin, 69% had received insulin, 57.5% had received the combination of metformin and insulin before 
entering the study. Bone formation and resorption were assessed by measuring, N-terminal propeptide of type I procollagen 
(P1NP) and C-terminal telopeptide of type I collagen (CTX) at baseline and end of study. The influence of gender, age, 
smoking, body mass index (BMI), T2DM duration, glycosylated hemoglobin A1c (HbA1c), c-reactive protein (CRP) and 
insulin dosage was also included in the analyses. The levels of bone formation marker P1NP and bone resorption marker 
CTX increased significantly in both groups during the trial. P1NP increased less in the Metformin + Insulin compared to the 
placebo + insulin group (p = 0.001) (between group difference change), while the increases in CTX levels (p = 0.11) were not 
different. CRP was inversely associated (p = 0.012) and insulin dosage (p = 0.011) was positively related with change in P1NP 
levels. BMI (p = 0.002) and HbA1C (p = 0.037) were inversely associated with change in CTX levels. During 18 months of 
treatment with metformin or placebo, both in combination with insulin, bone turnover increased in both groups. But the pat-
tern was different as the bone formation marker (P1NP) increased less during Metformin + Insulin treatment, while change 
in bone resorption (CTX) was not significantly different between the two groups.
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Introduction

Patients with type 2 diabetes mellitus (T2DM) have an 
increased risk of fractures [1, 2]. Hyperglycemia, hyperin-
sulinemia, adipokines, inflammation, mechanical loading, 
accelerated aging with increased oxidative stress, advanced 

glycation end products (AGEs) and microvascular disease 
have all been suggested to play a part in the pathophysiology 
of diabetic bone disease [3]. In most studies, but not in all, 
a reduced bone turnover is reported in people with T2DM 
[4] which might play a role in the observed increased bone 
fragility. Because of the link between T2DM and increased 
bone fragility, as well as the damaging effect of hyperglyce-
mia on the skeleton, antihyperglycemic drugs could affect 
bone both directly and indirectly by improving glycemic 
control.

The results regarding a direct effect of insulin on bone 
cells have been contradictory [5, 6]. Animal studies have 
indicated that insulin stimulates osteoblast proliferation 
and bone formation, but in vitro studies have also reported 
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that insulin signaling in osteoblasts promotes bone resorp-
tion by osteoclasts. A higher fracture risk has been found 
in patients with T2DM treated with insulin, compared to 
patients treated with oral antidiabetic agents [5, 6]. It is 
unclear whether the increased risk of fractures is due to the 
insulin treatment itself, longer disease duration, higher com-
plication rate, traumatic falls due to hypoglycemic episodes 
associated with insulin treatment or something else. One 
large case–control study showed a trend towards a lower 
fracture risk with insulin use in a combined group of peo-
ple with type 1 and 2 diabetes [7]. A stabilization in bone 
mineral density (BMD) with intensive insulin treatment has 
been reported in type 1 diabetes [8], but in T2DM some 
studies have also found a decrease in BMD during insulin 
treatment [9, 10].

In vitro studies suggest that Metformin affects bone 
metabolism by a promotion of osteoblast differentiation 
and mineralization and reduction in osteoclast formation [3, 
5]. Clinical observational and case–control studies on the 
effect of metformin on fracture risk reports mixed results, 
but several studies point to a beneficial effect with reduced 
risk of fractures [5, 7]. Studies on the effect of metformin 
on bone turnover are few and point towards a reduction in 
turnover [5]. Taken together these observations suggest that 
metformin may be advantageous, but the mechanism is unre-
solved. Bone turnover markers are fairly easy to obtain from 
serum or urine and are indicative of bone formation and 
resorption rates [3].

The purpose of the present study was to examine this 
by studying markers of bone formation and resorption, the 
hypothesis being that the difference between those treated 
with metformin plus insulin and those only treated with 
insulin, would be an increase in markers of bone formation.

Several common diabetes specific risk factors for frac-
tures have been suggested, especially in regard to the man-
agement of bone fragility in patients with diabetes such 
as diabetes duration, some diabetes medications, level of 
HbA1c and microvascular complications [11]. Therefore, we 
also had the opportunity to explore the influence of glycemic 
control, metformin treatment, insulin treatment, interaction 
between metformin and insulin, inflammation and several 
other potential risk factors on changes in the separate mark-
ers. We expected a potential bone anabolic effect of insulin 
and metformin. The study specifically addressed the interac-
tion between the two drugs.

Materials and Methods

This sub-study used data and blood samples from a mul-
ticenter, randomized, placebo-controlled, blinded trial 
(the Copenhagen Insulin and Metformin Therapy (CIMT) 
Trial). The primary purpose of this trial was to study 

effects of metformin or placebo in combination with 
insulin on progression of atherosclerosis as measured by 
Carotis Intima Media Thickness [12–14]. Approval by 
the Regional Committee on Biomedical Research Ethics 
(region of Copenhagen journal number H–D-2007–112), 
and the Danish Medicines Agency (journal number 
2612–3648) was obtained, and the trial was reported to 
the Danish Data Protection Agency (NOH-2015–034) 
and registered with ClinicalTrials.gov (NCT00657943). 
All participants provided a written informed consent and 
the trial was conducted in accordance with the Helsinki 
Declaration and guidelines of Good Clinical Practice.

Eight Danish hospitals in the Capital Region of Den-
mark took part in the recruitment of participants. Patients 
were included if they had T2DM, body mass index (BMI) 
25–40  kg/m2, HbA1c ≥ 7.5% (≥ 58  mmol/mol), were 
treated with oral antihyperglycemic drugs for ≥ 1 year and/
or insulin treatment for ≥ 3 months and were older than 
30 years of age. Exclusion criteria were recent cardiovas-
cular disease (previous myocardial infarction, stroke, coro-
nary or vascular surgery), cancer, renal or liver disease, 
and other chronic diseases as determined in the original 
study protocol [12], as well as pregnant or breastfeeding 
women and fertile women not using oral contraceptives.

A computer-generated allocation sequence performed 
the central randomization, stratified by treatment center, 
age (> 65 years) and prior insulin treatment. The options 
were 1:1 randomization to 18 months blinded treatment 
with metformin or placebo, in addition with randomiza-
tion 1:3 to three different open labeled insulin regimens: 
basal insulin, biphasic insulin or basal-bolus insulin [14]. 
Prior antihyperglycemic therapy was discontinued at trial 
entry. Previously metformin treated participants (81–85%) 
initiated a dose of metformin or placebo of 1 g twice daily 
and metformin naïve participants were titrated up weekly 
from an initial dose of 500 mg once daily to 1 g twice 
daily. Insulin dose was titrated aiming at an HbA1c ≤ 7% 
(≤ 53 mmol/mol). A detailed description of the design of 
the trial and outcomes has previously been published [13].

Fasting morning blood samples were collected at trial 
entry, before starting treatment with metformin or placebo 
and one of the three insulin regimens, and again after 
18 months and initially analyzed as part of the CIMT trial. 
Blood was also collected and frozen for later use. Partici-
pants that discontinued the trial were invited to take part in 
collection of blood samples at end of trial. The reasons for 
drop-outs in the original CIMT trial have previously been 
described [13]. The primary focus of this sub-study was to 
measure P1NP and CTX concentrations in the previously 
collected samples. In addition, C-reactive protein (CRP) 
was analyzed as part of this sub-study.
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The associations between CRP, BMI, duration of T2DM, 
HbA1c and insulin treatment with P1NP and CTX were 
explored for the whole study population.

Serum Analyses

Serum P1NP was measured using the IDS-iSYS intact P1NP 
assay (Immunodiagnostic Systems). Serum CTX was meas-
ured using the IDS-iSYS CTX (CrossLaps®) assay (Immu-
nodiagnostic Systems, plc, Tyne and Wear, UK). Serum 
C-reactive protein (CRP) was measured on the Vitros 5.1 FS 
instrument (Ortho Clinical Diagnostics, Raritan, NJ, USA) 
using an immunoturbidimetric method.

All analyses were done with serum as the sample mate-
rial. For each assay the sample aliquots were kept frozen 
at − 80 °C until the day of analysis. None of the samples 
had previously been thawed, and all analyses were per-
formed immediately after thawing the samples. All sam-
ples were analyzed using one single batch of each assay. 
Assay performance was verified using the manufacturers’ 
control specimens. The intermediary precisions expressed as 
coefficients of variation for P1NP were 5.4% (18.96 µg/L), 
6.5% (48.48 µg/L), and 6.1% (122.10 µg/L) and for CTX 
they were 5.3% (at CTX concentration 213 ng/L), 3.4% 
(869 ng/L), and 3.5% (2,113 ng/L). For CRP the intermedi-
ary precisions were 10% (at CRP concentration 0.8 mg/L) 
and 6% (23 mg/L).

Vitamin D was measured as part of the original sample 
analysis. The sample material was serum. Total 25(OH)D 
(25-hydroxy vitamin D3 plus 25-hydroxy vitamin D2) was 
measured with an electro-chemiluminescence immunoassay 
(ECLIA) competitive assay using the Cobas e411, on Roche 
equipment based on a one-step sandwich assay. All samples 
were measured in one batch using identical batch numbers. 
The coefficients of variation (CV) for 25(OH)D was 6.4% 
and analytical sensitivity was 10.0 nmol/l.

Statistical Analysis

Participants who discontinued the trial medication but 
accepted the invitation for the last follow-up with collection 
of blood samples were analyzed according to the randomized 
treatment group. The intention-to-treat principle was used in 
the post hoc statistical analyses of this sub-study.

The unadjusted analysis of changes over time was done 
using paired samples t-test, while analyses between groups 
were done with the independent samples t-test/ANOVA 
analysis of the delta value of the dependent variable without 
the use of covariates.

Adjustment for relevant covariates; gender, age, vita-
min D, smoking, BMI, duration of T2DM, CRP, HbA1c 
and insulin dose were part of the secondary analyses. The 
delta value of the dependent variable with an adjustment for 

baseline levels of named covariates was used in the ANOVA 
analyses.

Exploratory analysis of the associations between CRP, 
BMI, duration of T2DM, HbA1c and insulin treatment with 
P1NP and CTX was done using a mixed effect regression 
model. This analysis considers the fact that baseline and 
endpoint values are related and therefore can include both, 
for the dependent variables and covariates. In addition to 
the named variables also gender and age were included in 
this model.

Histograms and Q–Q plots were used to test for normal 
distribution of data. Both raw data and residuals for the delta 
values used in unadjusted and adjusted analyses were nor-
mally distributed. The residuals in the explorative analysis 
especially regarding CTX did not have a normal distribution 
but analysis using log transformed values yielded the same 
significant p-values. Therefore, we chose to display the asso-
ciations as changes in ng/l instead of percentage change. To 
test if the baseline characteristics were comparable student’s 
t-test and Chi-square test/ Fisher’s exact test (fewer than 5 
observations) were used.

In the supplementary material we present sub-analyses on 
the subgroup of patients that were either metformin naïve 
(15–19%) or insulin naive (app 35%) at baseline, but not 
necessarily treatment naive. The metformin naïve group is 
therefore showing the effect of adding metformin to insulin 
and the insulin naïve group is showing the effect of adding 
insulin to metformin. Due to smaller subgroups of patients 
in these sub-analyses the baseline levels of P1NP differed 
in the metformin group compared with the placebo group 
especially in the metformin naïve subgroup (p-value 0.015). 
Therefore, the analysis of changes between the groups was 
compared using ANCOVA with use of baseline levels of the 
outcome as a covariate in addition to the above mentioned 
covariates.

IBM SPSS statistics 22 and SAS Enterprise 7.1 were used 
for the statistical analyses. Values of p < 0.05 (two-sided) 
were considered significant.

Results

Trial Participants and Baseline Characteristics

Of the 464 screened patients, 415 were found eligible for 
participation. Due to technical failure the randomization 
code was lost for three participants and they were excluded. 
206 participants were allocated to metformin in combination 
with insulin and 206 were allocated to placebo in combina-
tion with insulin (Fig. 1). For reasons published elsewhere 
[13] 31 participants discontinued the intervention during 
the trial in the metformin group of which 15 participated 
in the last visit. In the placebo group 49 discontinued the 
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intervention of which 28 returned for the last visit, however, 
two of these did not have blood samples taken. Thereby, 
190 (92%) had blood samples taken at the last follow up in 
the metformin group and 183 (89%) in the placebo group 
(Fig. 1).

Baseline characteristics are described in Table 1. 83% had 
received metformin, 69% had received insulin, 57.5% had 
received the combination of metformin and insulin before 
entering the study. The two randomization groups were 
comparable at baseline and had a mean age of 60.7 years 
with a predominance of male and post-menopausal female 
participants. Six had prior fractures and five were treated 
for osteoporosis with bisphosphonates. At end of trial the 
insulin doses were 102 vs 138 units per day, increase in body 
weight 1.6 kg vs. 4.2 kg and HbA1c was reduced to 7.97 vs 
8.27% in the metformin and placebo groups, respectively 
[13].

Changes in P1NP and CTX (Tables 2 and 3)

In the unadjusted analyses (Table 2) the P1NP increase 
was less pronounced in the metformin + insulin group 
(3.7 µg/l [95% CI 1.5, 5.9], p < 0.001) compared with 
the placebo + insulin group (9.0 µg/l [95% CI 6.8, 11.3], 
p < 0.001) with a group difference of − 5.4 µg/l [95% 
CI − 8.5, − 2.2], p < 0.001. The CTX also increased in 
the metformin + insulin group (21 ng/l [95% CI 2, 41], 
p = 0.033) and placebo + insulin group (44 ng/l [95% CI 
25, 64], p < 0.001) but with no significant between group 

Assessed for eligibility (n= 464) 

Excluded (n=49) 
♦
♦
♦

Not meeting inclusion criteria (n=27) 
Declined to participate (n=11) 
Other reasons (n=11) 

Blood samples not taken at second visit (n=16) 

Blood samples available from both visits 
(n=190) (92%) 

Allocated to metformin (n=206) 

Blood samples not taken at second visit (n=23) 

Allocated to placebo (n=206) 

Follow-Up

Blood samples available from both visits 
(n=183) (89%) 

Analysis

Randomized (n=415) 

Excluded (n=3) 
Loss of randomization due to 

technical failure (n = 3)

Allocation

♦

Fig. 1   Flow-chart of the participants with available blood samples from the CIMT trial
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Table 1   Baseline characteristics

Values are mean (SD) if not stated otherwise
Selective estrogen receptor modulators (SERMs), strontium ranelate, teriparatide, denosumab
N number, DPP4 inhibitors of dipeptidyl peptidase 4, GLP1 Glucagon-like peptide-1 receptor agonists
a All antihyperglycemic medications were terminated at randomization

Metformin + insulin
N = 206

Placebo + insulin
N = 206

Male N (%) 140 (68.0) 141 (68,4)
Caucasian N (%) 201 (97.6) 201 (97.6)
Age (years) 61.0 (8.7) 60.4 (9.1)
Women aged < 50 years N (%) 10 (4.9) 9 (4.4)
Pre-menopausal N (%) 17 (8.3) 18 (8.7)
Weight (kg) 97.2 (15.2) 97.1 (14.7)
BMI (kg/m2) 32.3 (4.2) 32.1 (4.2)
Waist-hip ratio 1.00 (0.08) 1.01 (0.08)
Smokers N (%) 36 (17.6) 27 (13.2)
Alcohol consumption (units/week) 4.8 (7.4) 4.2 (12.5)
Diabetes duration (years) 13.5 (6.2) 12.2 (6.5)
HbA1c (%) 8.6 (1.1) 8.5 (1.0)
25-hydroxy vitamin D (nmol/l) 51.20 (28,52) 51.99 (27.59)
Creatinine (µmol/l) 76 (18) 78 (19)
CRP (mg/l) 3.38 (4.77) 4.80 (11.67)
Antihyperglycemic medication prior to studya

 Metformin N (%) 167 (81.1) 176 (85.4)
 Insulin N (%) 134 (65.0) 137 (66.5)
 Sulphonylureas N (%) 61 (29.6) 55 (26.7)
 Thiazolidinediones N (%) 6 (2.9) 2 (1.0)
 GLP1 N (%) 9 (4.4) 10 (4.9)
 DPP4 N (%) 14 (6.8) 12 (5.8)
 Meglitinides/glinides N (%) 2 (1.0) 4 (1.9)

Known osteoporosis N (%) 4 (1.9) 1 (0.5)
Prior fractures N (%) 3 (1.5) 3 (1.5)
Other concomitant medications with a known effect 

on bones
 Bisphosphonates N (%) 4 (1.9) 1 (0.5)
 Other drugs for treating osteoporosis¤ N (%) 0 (0) 0 (0)
 Oral glucocorticoids N (%) 3 (1.5) 3 (1.5)

Table 2   Treatment effects over time and between randomization groups of metformin + insulin versus placebo + insulin after 18 months

Abbreviations: N-terminal propeptide of type I procollagen (P1NP), C-terminal telopeptide of type I collagen (CTX), body mass index (BMI), 
hemoglobin A1c (HbA1c), C-reactive protein (CRP)
Values are mean and [95% CI]
*p-value < 0.05
**p-value < 0.001

Metformin + Insulin (N = 204) ∆T2 − T1 Placebo + insulin (N = 206) ∆T2 − T1 ∆Metformin vs. 
placebo

T1 = Baseline T2 = 18 months T1 = baseline T2 = 18 months

P1NP (µg/l) 35.7 [33.7, 37.7] 39.4 [36.8, 41.9] 3.7 [1.5, 5.9]** 37.9 [35.8, 39.9] 46.9 [44.3, 49.5] 9.0 [6.8, 11.3]**  − 5.4 [− 8.5, − 2.2]**
CTX (ng/l) 175 [156, 194] 196 [173, 220] 21 [2, 41]* 192 [172, 211] 236 [212, 260] 44 [25, 64]**  − 23 [− 50, 5]
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difference (p = 0.11). Adjusting for baseline levels of 
gender, age, vitamin D, smoking, BMI, type 2 diabetes 
duration, HbA1c, CRP and insulin dose in the secondary 
analyses did not change the results significantly (Table 3).

Results of Explorative Analysis (Table 4)

CRP and insulin dosage were significantly associated 
with P1NP but not CTX levels. For every increase in CRP 
(mg/l) or insulin dosage (IU) by 1 unit the P1NP decreased 
by − 0.1 µg/l [95% CI − 0.2, − 0.03], p = 0.012 and 0.03 µg/l 
[95% CI 0.01, 0.05], p = 0.011, respectively. BMI and 
HbA1c were associated with CTX, but not P1NP levels. 
Every increase in BMI (kg/m2) or HbA1c (%) resulted in 

a decrease in CTX of − 5 ng/l [95% CI − 8, − 2], p = 0.002 
and − 10 ng/l [95% CI − 19, − 1], p = 0.037, respectively. 
Smoking and the duration of T2DM were not associated 
with any of the two bone markers.

Sex and age were associated with both bone markers. 
Women had 6.4 µg/l [95% CI 3.5, 9.3] higher P1NP and 
69 ng/l [95% CI 41, 97] higher CTX levels than the men 
(p < 0.001). For every 1-year increase in age P1NP levels 
decreased by − 0.2 [95% CI − 0.3, − 0.001], p = 0.049, and 
CTX levels decreased by − 2.3 [95% CI − 4, − 0.7], p = 0.004.

Changes in P1NP and CTX in Metformin or Insulin 
Naïve Participants (Supplementary Material 
Tables 5–8)

In total 68 of the participants were metformin naïve before 
trial entry and 39 of these were randomized to receive met-
formin + insulin and 29 to receive placebo + insulin. P1NP 
levels did not change significantly in either group during the 
18 months follow up. CTX levels decreased by 69 ng/l [95% 

Table 3   Treatment effects over time and between randomization groups of metformin + insulin versus placebo + insulin after 18 months

Adjusted for baseline levels of gender, age, vitamin D, smoking, BMI, type 2 diabetes duration, HbA1c, CRP and insulin dose
P1NP N-terminal propeptide of type I procollagen, CTX C-terminal telopeptide of type I collagen, BMI body mass index, HbA1c hemoglobin 
A1c, CRP C-reactive protein
Values are mean and [95% CI]
*p-value < 0.05
**p-value < 0.001

Metformin + Insulin (N = 204) ∆T2 − T1 Placebo + Insulin (N = 206) ∆T2 − T1 ∆Metformin vs. 
placebo

T1 = Baseline T2 = 18 months T1 = Baseline T2 = 18 months

P1NP (µg/l) 36.9 [34.8, 38.9] 41.2 [38.5, 43.8] 4.3 [2.0, 6.6]** 39.1 [37.0, 41.3] 48.6 [45.9, 51.3] 9.5 [7.1, 11.8]** -5.2 [-8.3, 2.0]**
CTX (ng/l) 192 [172, 211] 213 [189, 237] 21 [1, 42]* 206 [187, 226] 252 [227, 277] 45 [24, 66]** -24 [-53, 4]

Table 4   Associations between gender, smoking, age, BMI, T2 DM duration, HbA1c, CRP and insulin dosage with P1NP and CTX

P1NP N-terminal propeptide of type I procollagen, CTX C-terminal telopeptide of type I collagen, BMI body mass index, HbA1c hemoglobin 
A1c, CRP C-reactive protein
Values are mean changes and [95% CI]
Interpretation For every change of 1 in the covariate (gender, smoking, age, BMI, T2DM duration, HbA1c, CRP or insulin dose) the outcome 
(P1NP or CTX) changes with the stated value

P1NP (µg/l) p-value CTX (ng/l) p-value

Gender (women 0, men 1) 6.4 [3.5, 9.3] 0.000 69 [41, 97] 0.000
Smoking (non-smoker 0, smoker 1)  − 0.5 [− 3.8, 2.8] 0.772  − 7.7 [− 39, 24] 0.632
Age (years)  − 0.2 [− 0.3, − 0.001] 0.049  − 2.3 [− 4, − 0.7] 0.004
BMI (kg/m2) 0.1 [− 0.2, 0.4] 0.565  − 5 [− 8, − 2] 0.002
T2DM duration (years) 0.7 [− 0.1, 0.4] 0.137 2 [− 0.1, 4] 0.066
HbA1c (%)  − 0.9 [− 1.9, 0.03] 0.058  − 10 [− 19, − 1] 0.037
CRP (mg/l)  − 0.1 [− 0.2, − 0.03] 0.012  − 6.4E − 5 [− 1, 1] 0.900
Insulin dose (IU) 0.03 [0.01, 0.05] 0.011  − 9.3E − 5 [− 0.3, 9.6E − 5] 0.335
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CI 23, 114], p < 0.001, in the metformin + insulin group and 
did not change significantly in the placebo + insulin group, 
with a between group difference of 90 ng/l [95% CI 20, 160], 
p = 0.012 (Online Table 5). After adjusting for baseline lev-
els of gender, age, vitamin D, smoking, BMI, duration of 
T2DM, HbA1c, CRP and insulin dose the observed changes 
in CTX were no longer significant (Online Table 6).

In total 140 of the participants were insulin naïve prior 
to trial entry and 72 of these were randomized to met-
formin + insulin and 68 to placebo + insulin. In the analy-
ses only adjusted for baseline of the outcome (Online 
Table  7) P1NP and CTX levels increased significantly 
in the placebo + insulin group (P1NP: 13.3 µg/l [95% CI 
10.1, 16.5], p-value < 0.001, CTX: 65 ng/l [95% CI 37, 92], 
p-value < 0.001) with significant between group difference 
for both P1NP (11.0 µg/l [95% CI 6.5, 15.5], p-value < 0.001) 
and CTX (57 ng/l [95% CI 12, 84], p-value < 0.001).

Adjusting further for gender, age, vitamin D, smoking, 
BMI, duration of T2DM, HbA1c, CRP and insulin dose 
(Online Table 8) did not change the results significantly 
except for the difference between the intervention groups 
difference for CTX (55 ng/l [95% CI 15, 95], p-value 0.007).

Discussion

Both P1NP and CTX increased during the 18 months treat-
ment with metformin vs placebo, both in combination with 
insulin. The increase in P1NP was significantly more pro-
nounced in the placebo + insulin group compared with the 
metformin + insulin group, while the group difference in 
CTX was not significant. After 18 months follow-up the 
insulin dose, weight gain and HbA1c were lower in the met-
formin group compared with the placebo group.

Preclinical studies suggest that metformin activates the 
osteoblast-specific Runx2 (runt-related transcription factor 
2) transcription factor via the AMPK/USF-1/SHP regula-
tory cascade and thereby promotes osteoblast differentiation 
but has the opposing effect on osteoclast differentiation by 
decreasing pro-osteoclastic cytokine receptor activator of 
nuclear factor κB ligand (RANKL) and increasing osteo-
protegerin levels [15, 16]. This, combined with a tendency 
of reduced fracture risk in people treated with metformin 
[5, 7], would lead us to expect increases in bone formation 
(P1NP) or/and decreases or no change in bone resorption 
(CTX). We observed, however, that the increase in P1NP 
was lower in the metformin + insulin group compared with 
the placebo + insulin group after 18 months treatment.

A randomized trial comparing short- and long-acting 
insulin in combination with metformin, rosiglitazone or 
placebo also found a lower P1NP in the metformin treated 
group compared with placebo treated group, with no differ-
ence in CTX between the groups [17]. Similarly, we could 

not show a significant group difference regarding CTX. 
Although approximately 80% of the participants were treated 
with metformin before trial entry, analysis including only 
the metformin naïve participants prior to study entry did 
show a significant between group difference for CTX in the 
unadjusted model. In the insulin naïve participants prior 
to the start of trial, we found a significant between group 
difference for both P1NP and CTX. These analyses includ-
ing only metformin or insulin naïve participants should be 
interpreted with caution as they include few participants 
(especially metformin naïve participants) and represent 
selected groups and therefore might introduce selection bias 
and loss of proper randomization. Studies comparing met-
formin treatment with other oral antidiabetic medications in 
people with T2DM have found decreases in both P1NP and 
CTX in their metformin treated groups over time [18, 19]. 
We found a reduced change from baseline to 18 months in 
P1NP in the metformin + insulin group as compared with 
the placebo-insulin group. Although not significant, the dif-
ference in baseline to 18 months change in CTX between 
the metformin + insulin group and the placebo-insulin group 
was almost of the same magnitude as for P1NP. Thereby, 
our study does not suggest an anabolic effect of metformin 
when assessed by P1NP in humans, but it agrees with the 
mentioned clinical trials and studies showing a lower bone 
turnover.

The increase in P1NP and CTX in all participants irre-
spective of randomization group as well as analyses per-
formed in insulin naïve participants prior to study entry 
might be attributed to the underlying insulin treatment in 
both groups. Notable, the insulin dose was significantly 
higher in the participants treated with placebo. A generally 
lower bone turnover, with reduced bone formation and bone 
resorption markers, has been found in people with diabetes 
compared to controls [4, 20]. P1NP levels both at baseline 
and after 18 months were close to the mean levels found in a 
Danish reference interval study, while CTX levels at baseline 
were in the lower end of the normal reference interval and at 
end of study they were closer to the mean [21]. It is difficult 
to determine if the increase in P1NP and CTX represents 
a normalization of bone marker levels with insulin treat-
ment, or an increase in bone turnover, but considering the 
mentioned reference levels the results could to some extent 
be interpreted as a move towards normalization of CTX. It 
is unclear to which degree the increases in markers could be 
due to insulin treatment in the two groups, but insulin dos-
age was positively associated with P1NP levels. However, 
BMI was inversely associated with CTX levels, and it can 
be speculated that the weight gain associated with insulin 
treatment may play a role in moderating increases in CTX 
levels. The negative association of HbA1c with CTX levels 
could also be interpreted as indirect effects of insulin on 
bone resorption though improved glycemic control. A recent 
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study in people with T2DM reported that HbA1c was nega-
tively associated with CTX but not P1NP levels suggest-
ing that lowering glucose levels with antidiabetic treatment 
might affect bone formation differently from bone resorption 
[17]. The association between HbA1c and P1NP levels in 
our study did show the same tendency towards a negative 
association as with CTX levels. In another study, comparing 
bone turnover markers in people with type 1 and 2 diabetes 
non-fasting blood glucose levels were negatively associated 
with both P1NP and CTX levels. HbA1c was also nega-
tively associated with osteocalcin, but not other markers, 
however, the same tendency was shown for CTX and P1NP 
levels [22]. How glycemic control affects bone resorption 
and formation remains to be determined. Some [23, 24] but 
not all studies [7] have suggested an increased fracture risk 
associated with the use of insulin. In the present study, all 
patients were exposed to insulin, and therefore, the present 
study cannot add new information as to whether insulin may 
have disadvantageous effects in relation to fracture risk.

A high level of hs-CRP has been found to be predictive 
of incident fractures. Although the mechanism of actions is 
not fully understood, it is suggested that cytokines increase 
the activation of osteoclasts by increasing the expression 
of RANKL and macrophage colony-stimulating factor 
(M-CSF) and decreasing osteoprotegerin production [25]. 
Thus, one would expect markers of inflammation as CRP to 
be associated with CTX levels, but we find that CRP is nega-
tively associated with P1NP levels, suggesting that inflam-
mation may also affect osteoblast activity.

Strengths

The data and materials used in this sub-study come from 
the CIMT trial which is a randomized, placebo-controlled 
blinded design with 18 months follow-up. Recruitment of a 
substantial number of participants from several hospitals in 
a defined geographical area is also a strength. Inclusion of 
gender, age, vitamin D, smoking, BMI, duration of T2DM, 
HbA1c and insulin treatment made it possible to give a more 
complete picture of the effects on bone turnover assessed 
with P1NP and CTX.

Limitations

A limitation is this being a post hoc analyses to a previ-
ously performed trial designed to evaluate a different pri-
mary outcome. CTX was used to evaluate the effects on bone 
resorption. But in view of increased collagen glycation in 
diabetes [3] interpretational differences might exist with use 
of collagen based turnover markers compared to measures in 
people without diabetes. About 80% of the participants were 
treated with metformin and about 65% were treated with 
insulin before the trial started, and the results could have 

been different if drug-naive participants had been included. 
Both randomization groups aimed for an HbA1c ≤ 7% 
(≤ 53 mmol/mol) which resulted in a difference in insulin 
dosage (Metformin + Insulin, 102 [95% CI 91–115] IU/
day, and Placebo + Insulin, 138 [95% CI 123–155] IU/day 
and weight gain in the two groups [13]. The study did not 
regulate supplement use, e.g., calcium and vitamin D, or 
treatment with other medications which could affect bone 
remodeling. The participants were predefined as > 30 years 
and BMI of 25 to 40 kg/m2 and the results can therefore not 
be extrapolated to metformin treated patients with normal 
weight.

Conclusion

In conclusion, we find that during 18 months of treatment 
with metformin or placebo, both in combination with insu-
lin, bone turnover increased in both groups. But the pat-
tern was different, as bone formation (P1NP) increased less 
during the metformin treatment, while the group difference 
change in bone resorption (CTX) was not significant, but 
of a similar magnitude. Insulin combined with metformin 
may possess bone anabolic properties larger than metformin 
alone. BMI and HbA1c may influence resorption activity 
while insulin dosage and CRP may also influence bone for-
mation activity.
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