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Sodium-Glucose Co-Transporter 2 Inhibitors Increase
Serum Level of Total Procollagen Type 1 Amino-Terminal
Propeptide and Bone Strength in Japanese Patients
With Type 2 Diabetes Mellitus
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Abstract

Background: Diabetes mellitus is known to be associated with an
increased risk of bone fracture. We investigated the effects of sodium-
glucose co-transporter 2 (SGLT2) inhibitors on bone strength and
density in type 2 diabetic patients.

Methods: Nineteen Japanese patients with type 2 diabetes melli-
tus were administered 2.5 mg/day of luseogliflozin or 5 mg/day of
dapaglifiozin for 6 months. Serum levels of tartrate-resistant acid
phosphatase 5b (TRACP-5b), an osteoclastic marker, and total pro-
collagen type 1 amino-terminal propeptide (P1NP), a bone forma-
tion marker, were measured and compared with those before the
treatment. Bone strength was measured by quantitative ultrasound
(QUS), and bone density was evaluated by dual-energy X-ray ab-
sorptiometry (DEXA).

Results: SGLT?2 inhibitors significantly increased the calcaneal bone
strength as measured by QUS compared to that in young adult mean.
However, there was no effect in the lumbar spine density as measured
by DEXA after administration. The drug treatment had no effect on
serum TRACP-5b, but significantly increased serum P1NP.
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Conclusions: The results imply that the SGLT2 inhibitors improve
bone strength while the inhibitors had no effect on bone density.
These results suggest that the increase in bone strength was due to
improved bone quality through an increase in serum PINP level.
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Introduction

Type 2 diabetic patients are known to be at a high risk for bone
fracture [1]. In addition, obesity, particularly visceral obesity,
has also been reported to be associated with a low bone mass
and an increased risk of fracture [2]. Regarding the effects of
antidiabetic agents on bone fractures, canagliflozin, an sodi-
um-glucose co-transporter 2 (SGLT2) inhibitor, has been re-
ported to increase fracture risk in diabetic patients [3, 4]; and
Blau et al [3] reported that increased blood phosphate, intact
fibroblast growth factor 23 (FGF23) and parathyroid hormone
(PTH) and decreased 1,25-dihydroxyvitamin D are involved in
the mechanism behind this effect.

However, there is no consensus on the effects of adminis-
tration of antidiabetic agents on the risk of fracture or on the
bone metabolism in type 2 diabetic patients.

Selective inhibitors of SGLT2 have been reported to ex-
ert hypoglycemic effects by selectively inhibiting SGLT2
expressed in the renal proximal tubules, thereby suppressing
the reabsorption of glucose filtered by the glomerulus, lead-
ing to urinary excretion of the excess blood glucose [5, 6]. It
has also been reported that these inhibitors not only lower the
blood glucose, but also decrease the body weight, lower the
blood pressure and improve lipid and uric acid metabolism [7].
However, there have been few reports on the effects of SGLT2
inhibitors on bone metabolism.

We previously reported that treatment with three SGLT2
inhibitors (luseogliflozin, dapagliflozin, and tofogliflozin)
was associated with improved bone strength as measured by
quantitative ultrasound (QUS) in Japanese patients with type
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2 diabetes mellitus [8]. However, we did not simultaneously
perform dual-energy X-ray absorptiometry (DEXA), which
is used to measure the bone density. In the present study, we
newly investigated the effects of treatment with two SGLT2 in-
hibitors (luseogliflozin and dapagliflozin) on the bone strength
and density in Japanese patients with type 2 diabetes mellitus,
by performing QUS and DEXA before and after treatment. In
addition, blood levels of tartrate-resistant acid phosphatase 5b
(TRACP-5b), which is an osteoclastic marker, and total pro-
collagen type 1 amino-terminal propeptide (P1NP), which is
a bone formation marker, were measured, to investigate the
effects of the drug treatment on bone metabolism.

Materials and Methods

Study design

The present study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects
as well as with the Helsinki Declaration. The present study,
which was conducted at Akishina Clinic (Nagoya, Japan), was
approved by the institutional ethics committee (approval num-
ber: 1-1). Patients who participated in the study were explained
the purpose of the study by the physicians in charge, and gave
informed consent. This clinical study is officially registered as
an open-label study (ID: UMIN000021584).

The study subjects were 19 patients with type 2 diabetes
mellitus (16 males and three females), who were attending the
outpatient clinic and gave consent for participation in the clini-
cal study. The subjects included patients who were receiving
antidiabetic, lipid-lowering or antihypertensive agents other
than SGLT?2 inhibitors. Patients receiving drug treatment for
osteoporosis or estrogen replacement therapy were not includ-
ed in this study.

The subjects received 2.5 mg of luseogliflozin (n = 13) or
5 mg of dapagliflozin (n = 6) once daily before or after break-
fast for 6 months. Bone strength was measured by QUS analy-
sis, and bone density was measured by DEXA before and after
6 months’ administration. The bone strength and density were
expressed as comparison with those in young adult means.

In addition, to measure the biochemical parameters, blood
samples were collected before and after 6 months of treatment,
serum was separated, and the serum samples were stored fro-
zen until the measurements.

Achilles Express A-1000 (GE Healthcare UK Ltd, Eng-
land) was used for QUS analysis and Dichroma Scan DCS-
900FX (Hitachi Healthcare Business Service, Ltd, Japan) for
DEXA.

Blood analyses

Measurement of the hemoglobin Alc (HbAlc), serum levels
of total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), tri-
glyceride (TG), TRACP-5b, and total PINP were entrusted
to Handa Medical Association Health Center (Aichi, Japan);
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Table 1. Characteristics of Patients Enrolled in the Study

Number of patients 19
Male/female 16/3

Age (years) 66 £ 12
Body weight(kg) 73.7+10.9
BMI (kg/m?) 26.6+3.2
HbAlc (%) 74+1.1

Concomitant medication
Anti-diabetic drug (n)

Biguanide 6
Sulfonylurea 1
Insulin 1
Alpha-glucosidase inhibitor 5
Thiazolidinedione 3
DPP4-inhibitor 10
Lipid-modifying agents (n) 13
Antihypertensive drug (n) 13

Data are expressed as mean + SD. SD: standard deviation; BMI: body
mass index; HbA1c: hemoglobin A1c; DPP4: dipeptidyl peptidase 4.

serum lipids were measured using an auto-analyzer (JCA-
BMS8000 series, JAOL, Tokyo, Japan), and HbAlc level was
measured by automated high-performance liquid chroma-
tography (HLC-723GX, Tosoh Corporation, Tokyo, Japan).
TRACP-5b was measured by enzyme immunoassay and total
PINP was measured by electrochemiluminescence immunoas-
say.

Statistical analysis

Data are shown as means + standard deviation (SD). Values
measured before and after 6 months’ treatment were compared
by the paired #-test, with the significance level set at P < 0.05.

Results

Patient characteristics

The patient characteristics are shown in Table 1, including the
antidiabetic, lipid-lowering and antihypertensive agents that
the patients were receiving in addition to the SGLT?2 inhibitors.

Effects of SGLT2 inhibitors on body mass index (BMI),
HbAlc, and serum glucose and lipids

The results of treatment with either of the two SGLT2 inhibitors
for 6 months are shown in Table 2. The SGLT2 inhibitor treat-
ment for 6 months was associated with a significant decrease of
the body weight and BMI as compared to the values recorded
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Table 2. Effects of Six Months’ Administration of SGLT2 Inhibitors on the Body Weight, BMI, HbA1c, and Glucose- and Lipid-

Metabolic Parameters

Before administration

After 6 months’ administration

Body weight (kg) 73.7+10.9
BMI (kg/m?) 26.6 +3.2
HbAlc (%) 74+1.1
Blood glucose (mg/dL) 115 +36
Serum total cholesterol (mg/dL) 190 + 30
Serum LDL-cholesterol (mg/dL) 112+£26
Serum HDL-cholesterol (mg/dL) 52+10
Serum triglyceride (mg/dL) 186 + 94

70.6 = 11.2%*
25.5 & 0
6.8 £0.8%
98 £ 17*

187 +23

111 £20

59 + 9**
117 £ 67**

Data are expressed as mean + SD. *P < 0.05, **P < 0.01 vs. before administration. SD: standard deviation; BMI: body mass index; HbA1c: hemo-
globin A1c; SGLT2: sodium-glucose co-transporter 2; LDL: low-density lipoprotein; HDL: high-density lipoprotein.

prior to the start of treatment administration (P <0.01).

In addition, the blood HbAlc and glucose levels also de-
creased significantly (P < 0.05). In regard to the effects on the
blood lipid levels, the SGLT2 inhibitor treatment significantly
increased the serum level of HDL-C (P < 0.01) and signifi-
cantly decreased the serum levels of TG (P <0.01); however, it
had no effect on the serum levels of TC or LDL-C.

Effects of SGLT2 inhibitors on bone metabolism param-
eters, strength, and density

The results of treatment with either of the two SGLT?2 inhibi-
tors on the bone strength, bone density and bone metabolism
parameters are shown in Table 3.

Evaluation of the effects on the bone strength by QUS
revealed that the SGLT2 inhibitor treatment was associated
with a significant increase of the calcaneal bone strength (P
< 0.05). Assessment of bone density by DEXA revealed that
the SGLT?2 inhibitor treatment had no effect on the lumbar or
femoral bone density.

Blood levels of total PINP, a bone formation marker, were
measured before and after the SGLT2 inhibitor treatment. The
levels were found to be significantly higher after the treat-

ment as compared to that prior to the treatment (P < 0.05). The
SGLT2 inhibitor treatment had no effect on the blood levels of
TRACP-5b, a marker of osteoclastic activity.

Discussion

Diabetes mellitus are associated with a high fracture risk [1].
An approximately 1.4-fold increase in the risk of femoral frac-
ture in patients with type 2 diabetes mellitus as compared to
the risk in non-diabetic individuals has been reported [9]. In
addition, a 4.7-fold increase in vertebral fracture risk in male
type 2 diabetic patients and a corresponding increase in the
risk by 1.9-fold in female type 2 diabetic patients, as compared
with the risk in non-diabetic patients, have been reported [10].
In regard to the cause of the increased fracture risk in patients
with diabetes mellitus, a study using a rat model of diabetes
mellitus has suggested that the enhancement of oxidative stress
due to hyperglycemia causes an increase in the release of ad-
vanced glycation end products (AGEs) in the bone, leading to
deterioration of the bone quality [11]. For reducing the fracture
risk, it is considered important to lower the blood glucose and
thereby suppress increase in the blood levels of AGEs.

A study of the effects of insulin on the fracture risk by

Table 3. Effects of Six Months’ Administration of SGLT2 Inhibitors on Bone Strength, Bone Density and Bone Metabolism-Related

Parameters

Before administration

After 6 months’ administration

Bone strength measured by QUS

Calcaneal bone (%) 88+ 16
Bone density measured by DEXA

Lumbar spine (%) 109 £ 13

Femur (%) 87+13
Serum total PINP (pg/L) 3524103
Serum TRACP-5b (mU/dL) 215+ 62

91 +15*

106 + 12
83+ 10
39.0 £ 12.8*
245+ 82

Data are expressed as mean + SD. *P < 0.05 vs. before administration. Bone strength and density are expressed as the comparison with those in
young adult means. QUS: quantitative ultrasound; DEXA: dual-energy X-ray absorptiometry; SD: standard deviation; SGLT2: sodium-glucose co-

transporter 2.
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Schneider et al reported that the fracture risk is higher in long-
standing diabetic patients with HbAlc > 7.5%, who are re-
ceiving insulin treatment [12]. In addition, a 1.5- to 2.5-fold
higher risk of fracture has been reported in female diabetic
patients receiving treatment with thiazolidine derivatives [13].
Furthermore, Vestergaard et al reported that the fracture risk
decreased by 0.81-fold in diabetic patients who were receiv-
ing metformin [14]. Treatment with DPP-4 inhibitors has also
been shown to reduce the fracture risk by 40% as compared to
that in untreated controls [15].

The SGLT2 inhibitor canagliflozin was reported to in-
crease fracture risk [3, 4]. However, the mechanism by which
canagliflozin increases fracture risk has not been fully under-
stood. Blau et al reported that increased blood phosphate, in-
tact FGF23 and PTH and decreased 1,25-dihydroxyvitamin D
were involved in the mechanism [3]. In addition, canaglifiozin
was reported to increase collagen type 1 B-carboxy-telopeptide
levels and bone resorption, resulting in an increased risk of
bone fracture [16].

In the present study, we treated Japanese type 2 diabetic
patients with one of two SGLT2 inhibitors (luseogliflozin and
dapagliflozin) for 6 months and investigated the effects of the
treatment on the fracture risk and bone metabolism markers.
As part of the evaluation of the treatment effects on the fracture
risk, we performed QUS to measure the bone strength [17] and
DEXA to measure the bone density [18]. QUS is a conveni-
ent and useful measurement method for bone strength, which
gives no X-ray exposure and can measure many patients.

This study showed that treatment with either of the two
SGLT?2 inhibitors, like previously reported SGLT2 inhibitors,
was associated with a decrease of the body weight and BMI,
and lower blood glucose and HbAlc levels. In addition, these
SGLT?2 inhibitors also lowered the blood levels of triglycerides
and increased those of HDL-C.

In regard to the effects of the treatment on the fracture risk,
we previously reported that treatment with one of three SGLT2
inhibitors (luseogliflozin, dapagliflozin and tofogliflozin) im-
proved the calcaneal bone strength as measured by QUS in
Japanese type 2 diabetic patients [8], while we did not per-
form DEXA, which is used to measure the bone density. In the
present study, to investigate the effects of treatment with one
of the two SGLT?2 inhibitors (luseogliflozin and dapagliflozin)
on the bone strength and density, we employed two evalua-
tion methods, namely, QUS and DEXA. Similar to our pre-
ceding study, the present study also confirmed that treatment
with SGLT?2 inhibitors increases the calcaneal bone strength as
measured by QUS. On the other hand, DEXA, which is used to
measure the bone density, revealed no effect of SGLT2 inhibi-
tor treatment on the bone density. Bone strength is thought to
be the sum of bone density and bone quality, and in the present
study, an increase of the bone strength following SGLT2 in-
hibitor treatment with no change of the bone density suggested
an improvement of the bone quality as underlying the increase
in the bone strength.

In regard to the effects of SGLT2 inhibitor treatment on the
bone metabolism markers, the treatment induced no change in the
blood levels of TRACP-5b, an osteoclastic marker [19]. On the
other hand, the SGLT2 treatment significantly increased the blood
total levels of the bone formation marker, PINP (P < 0.05) [20].
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Thus, the results of this study revealed that the increased
bone strength observed after treatment with either of the two
SGLT2 inhibitors was associated with an improved bone qual-
ity, mediated by an increase in the blood levels of the bone
formation marker, PINP. However, the mechanism by which
the SGLT?2 inhibitors increased the blood level of total PINP
remains unknown. In the future, it is necessary to elucidate the
mechanism by which SGLT?2 inhibitors increase the blood lev-
els of total PINP. In addition, this study was conducted in only
19 patients, and we believe that large-scale clinical studies are
necessary. We plan to measure FGF23, osteocalcin, serum and
urine calcium, PTH, and 1,25-dihydroxyvitamin D in such fu-
ture clinical studies.

In this study, the correlation between bone strength and
HbAlc and also the correlation between bone strength and
body weight before and after treatment were examined. The
results indicated the rate of change of HbAlc was not corre-
lated with the rate of change of bone strength (r = -0.269, P =
0.11), and also the rate of change of body weight was not cor-
related with the rate of change of bone strength (r = 0.382, P
=0.27). This suggests that improvement of bone strength may
not relate to reductions in HbA1c and body weight.

The limitations of this study were the small number of
female patients and necessity of further investigation of key
parameters (FGF23, PTH, 1,25-dihydroxyvitamin D, AGEs).
We plan to conduct further studies.

In conclusion, treatment with either of two SGLT2 inhibi-
tors (luseogliflozin and dapaglifiozin) was associated with an
increase in the bone strength, with no effect on the bone den-
sity, in Japanese type 2 diabetic patients. This is likely because
the SGLT2 inhibitors improved the bone quality through in-
ducing increase in the serum total PINP.
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