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Objective: To evaluate the efficacy and safety of intranasal salmon calcitonin in the treatment of osteoporosis.

Methods: Eight Chinese and English databases were searched by electronic search (from the establishment of the
database to October 2019). The literature was screened according to the inclusion criteria and exclusion criteria, the
quality was evaluated according to Cochrane software, and the Review Manager 5.2 software was used for statistical

Results: A total of 374 documents were retrieved and 12 (12 original studies) were included after the screening,
with a total sample capacity of 1068 cases. Meta-analysis showed that the intranasal salmon calcitonin had obvious
advantages in reducing blood calcium, improving the ratio of serum creatinine and alkaline phosphatase. In addi-
tion, the intranasal salmon calcitonin had no obvious advantages in other indicators. It cannot be illustrated that the
combination of intranasal salmon calcitonin and other conventional drugs is more effective than the simple use of

Conclusion: The intranasal salmon calcitonin is superior to conventional drugs in reducing blood calcium, increasing
creatinine ratio, and alkaline phosphatase, but its advantages in other indicators such as improving the bone mineral
density (BMD) of lumbar vertebrae and hip have not been confirmed, and it is not clear that the combination of intra-
nasal salmon calcitonin and other conventional drugs is better than the simple conventional drugs.
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Introduction
With the deepening population aging process in China,
primary osteoporosis (OP) has become an issue of con-
cern to the entire society. The morbidity of osteoporosis
over 60 years old increased significantly. Women, in par-
ticular, OP have increased the disability rate and mortal-
ity rate of the elderly [1]. More than half of the patients in
the world are in Asia or the Pacific region.

At present, the treatment of OP is mainly depend-
ent on drugs including oral calcium and vitamin D, but
its effect of anti-osteoporosis is very weak. Other drugs
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such as bisphosphonates have serious adverse reactions
[2], and these drugs produce a serious impact on the life
and work of osteoporosis patients [3]. Since the drugs
for osteoporosis need long-term treatment, the effect of
short-term drug treatment is not obvious. These factors
lead to low compliance of patients. For postmenopausal
women with osteoporosis, hormone therapy is the most
common curative treatment, but long-term use of hor-
mones can lead to an increase in the incidence rate of
myocardial infarction and breast cancer [4]. Therefore, it
is very important to find a more safe and effective alter-
native therapy to increase BMD and prevent fracture.

The salmon calcitonin belongs to a synthetic drug com-
posed of salmon calcitonin which can not only restrain
osteoclasts in vivo, but also improve bone absorp-
tion of patients. This can not only reduce the pain of

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8073-0745
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40001-021-00610-x&domain=pdf

Li et al. European Journal of Medical Research (2021) 26:140

osteoporosis patients, but also reduce the incidence of
adverse reactions. At present, the salmon calcitonin
is mainly divided into the salmon calcitonin injection
and the intranasal salmon calcitonin, and the intra-
nasal salmon calcitonin is easier to being accepted by
patients than the salmon calcitonin injection. The intra-
nasal salmon calcitonin and conventional drugs (calcium
carbonate, vitamin D) are widely used in clinics. Many
patients are treated with the combination of the intrana-
sal salmon calcitonin, calcium carbonate and vitamin D.
However, whether the effect is better than a single treat-
ment has not been confirmed. Therefore, this paper talks
about the efficacy and safety analysis of the randomized
controlled trials by searching for intranasal salmon calci-
tonin. Twelve articles about intranasal salmon calcitonin
were obtained by searching each database [5-16]. This
paper gives a systematic evaluation and meta-analysis
of this literature to provide an objective basis for clinical
medication.

Materials and methods

Inclusion criteria

Study type

Clinical research, randomized controlled trial, languages,
published status and follow-up time are unlimited.

Research target

Includes senile osteoporosis and postmenopausal women
with osteoporosis, the diagnostic standard can refer to
the diagnostic standard WHO-recommended or Chinese
diagnostic standard [17].

Interventions

To test and verify the effectiveness of the treatment of
primary osteoporosis as the main purpose, the experi-
mental group was treated with the intranasal salmon
calcitonin or combine based on routine intervention
in the control group; the control group may be non-
intervention, placebo, or routine intervention. Routine
interventions include drugs recommended by guidelines
(diphosphonate, calcium, vitamin D, etc.) and other tra-
ditional Chinese medicine therapies.

Evaluating index

1. The primary evaluating index: fracture, quality of life,
clinical symptom index (pain, etc.), adverse events/
reactions [18].

2. The secondary evaluation index: BMD (lumbar
and hip), blood calcium, phosphorus, and alkaline
phosphatase, bone mineral content, urinary creati-
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nine ratio, serum parathyroid hormone, blood CTX
(C-telopeptide), urinary NTX (N-telopeptide).

Exclusion criteria

Lack of research data, the research targets, interven-
tions, and outcome indicators that did not meet the
above-mentioned requirement, non-RCT literature,
animal experiment, case report, repeated research, etc.

Literature search

The English database includes PubMed, Cochrane
Library, Clinical trials. Gov. The retrieval strategy is
to combine the retrieval words "internal salmon calci-
tonin" and "osteoporosis”. Chinese database includes:
CNKI, WanFang, VIP, CBM, the retrieval strategy is to
use the keywords of "migaixi nasal spray" and "osteo-
porosis" to search in different ways in every database.
The maximum number of retrieved clauses and sub-
clauses are in the outcome. The retrieval time limit
of the above databases is from the establishment of
the database to October 2019. The search results are
imported into Noteexpress V3.0 software in the form of
an inscription.

Document extraction and quality evaluation

Document extraction

Two researchers extracted the retrieved literature infor-
mation according to the pre-formulated criteria of lit-
erature inclusion and exclusion. The extraction content
mainly includes the first author, published year, age,
menopause duration, sample capacity, treatment drugs
of experimental group and control group, frequency,
course of treatment, evaluation criteria, adverse reac-
tions, etc. If the information provided in the literature
is not comprehensive. In case of doubt and dispute,
contact the author of the document and decide careful
inquiry. If there are differences, discuss and solve them.
If necessary, the third researcher will provide help to
solve the problem.

Quality evaluation

All data input system evaluation management soft-
ware Review Manager 5.2. Adopting the "bias risk
assessment” tool in the Cochrane assessment manual
Handbook. 1.4.3. The main elements are as follows: (D
generation of random sequence; @ assignment con-
cealment; @ blind method for study subjects and treat-
ment plan implementers; @ blind method in outcome
evaluation; & complete outcome; ® selective publica-
tion; @) other bias.
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Statistical analysis

Analyze data with Review Manager 5.2 software pro-
vided by Cochrane Collaboration Network. For dichot-
omous variables, odds ratio (or) and 95% confidence
interval (95% CI) were adopted as efficacy statistics.
For continuous variables, mean difference (MD) and
95% CI were adopted as efficacy statistics, homogeneity
test (q test) was adopted for heterogeneity test. When
there was no statistical significance in the statistical
heterogeneity among the studies (P> 0.10, I* < 50%), the
fixed-effect model was adopted for meta-analysis. On
the contrary, when there was statistical heterogeneity
among the studies (P<0.10, 2> 50%), the random effect
model was considered. A funnel plot was used to evalu-
ate and detect publication bias.

Outcome

2.1 Document selection: A total of 374 documents were
retrieved, read the abstract or the full text after checking
the duplicate by Noteexpress software. The literature was
screened according to the inclusion criteria and exclu-
sion criteria. Finally, two Chinese-literature [8, 9] and ten
English-literature [5-7, 10-16] were included. There are
12 randomized controlled trials reported in 12 literature,
including two in China, ten abroad, and the earliest lit-
erature is published in 1989 (Fig. 1).

Basic characteristics of the literature included

Research target

The 12 clinical randomized controlled trials included
in this systematic evaluation included 1068 patients, all
of whom were patients with primary osteoporosis. One
study [9] referred to Chinese diagnostic criteria, 8 studies
[6-8, 10, 11, 13-15] refer to WHO-recommended diag-
nostic criteria. Two studies [5, 16] are self-designed diag-
nostic criteria. One study [12] did not mention diagnostic
criteria,12 original studies were included in this study.
The minimum sample size is 35. The maximum sample
size is 287. The total sample size is 1068. The experimen-
tal group is 566. The control group is 502.

Interventions

Among the 12 original studies, the intervention meas-
ures in the experimental group include: (D intranasal
salmon calcitonin + calcium + vitamin D3:n. In one
study [6], the usage and dosage was 200 IU/day (once
every other month) + 500 mg calcium carbonate +
0.25 p g vitamin D3. Another study [7] was intranasal
salmon calcitonin200 IU/day, calcium 1000 mg/day +
880 IU vitamin D3. In one study [11], the intranasal
salmon calcitonin was given 200 IU/day + 500 mg cal-
cium + 200 IU vitamin D3. In one study [15], the intra-
nasal salmon calcitonin was given 100 IU/day + 1000
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Fig. 1 Selecting literature through databases

mg calcium + 400 IU vitamin D3; @ intranasal salmon
calcitonin + calcium. In one study [8], the intranasal
salmon calcitonin was given 200 IU/day + 600 mg cal-
cium qd. In one study [12], the intranasal salmon calci-
tonin was given 50 IU/day five times weekly + 500 mg
calcium five times weekly. In one study [13], the intra-
nasal salmon calcitonin was given 200 IU/day + 1000
mg calcium qd. In one study [14], the intranasal salmon
calcitonin was given 100 IU/day five times weekly +
500 mg calcium qd; @ intranasal salmon calcitonin.
In one study [16], the intranasal salmon calcitonin was
given 400 IU/day. The intranasal salmon calcitonin was
given 200 IU/day. In three studies [5, 9, 10].

Contrast pattern

Three studies [5, 9, 10]: intranasal salmon calcitonin vs
routine interventions; onestudy [16]: intranasal salmon
calcitonin vs placebo; seven studies [6, 7, 11-15]:
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intranasal salmon calcitonin +routine interventions vs
routine interventions; onestudy [8]: intranasal salmon
calcitonin +routine interventions vs salmon calcitonin
injection+ routine interventions.

Outcome indicators: secondary outcome indicators

Five studies [6, 8, 10, 11] reported BMD of the lumbar
spine. Four studies [6-8, 15] reported BMD of the hip
(femoral neck, intertrochanteric, and ward triangle). Five
studies [5, 6, 10, 12, 14] reported serum calcium levels.
Two studies [5, 14] reported serum phosphorus level. Six
studies [5-7, 10, 12, 14] reported serum alkaline phos-
phatase. Three studies [5-7] reported urinary creatinine
ratio. Two studies [13, 16] reported bone mineral con-
tent. Two studies [6, 7] reported serum parathyroid hor-
mone. Two studies [10, 11] reported serum CTx. Two
studies [11, 14] reported urine NTx. Five studies [5, 7, 8,
12, 16] reported adverse drug reactions.

Bias risk assessment

Among 12 studies, 7 studies [5-7, 9, 13—15] showed the
generation of random sequences, the rest are not illus-
trated. Three studies [7, 13, 14] mentioned distribution
concealment and double blindness. One study [15] was
distribution concealment and single-blind, and the rest
are not involved. Five studies [6, 7, 13, 15, 16] reported
shedding cases and causes, and all of the rest had com-
plete outcome reports. None of the studies tells whether

Random sequence generation (selection bias) _
Allocation concealment (selection bias) -
Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _
other bios |

0% 25%

50% 75%  100%

| .Low risk of bias I:l Unclear risk of bias . High risk of bias

Fig. 2 The methodological quality evaluation in all of studies
included
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outcome indicators adopt the blind method or not, and
it was not clear whether there was selective publication
or other bias. According to the Cochrane manual "assess-
ment tool for bias risk of randomized controlled trials
(version 5.3.5)", the methodological quality evaluation is
conducted in all of the studies included (Fig. 2).

Efficacy analysis

Lumbar spine BMD

Five studies [6, 8, 10, 11] report BMD of the lumbar
spine. The results of the heterogeneity test showed that
P=0.01, ’=99%. The heterogeneity is large, and sensi-
tivity analysis finds that intranasal salmon calcitonin is
sprayed once every other month in one study and once
q day in the other studies. This may be the main cause
of heterogeneity. After rejecting this study, the results
of the heterogeneity test showed that P=0.22, *=32%
(Fig. 3). Therefore, using the fixed-effect model, 95% CI
(- 0.08, 0.04), P=0.59, there was no significant difference
between the two groups, which could not explain that
the treatment group of intranasal salmon calcitonin was
superior to the conventional treatment group. Descrip-
tive analysis of one study [6] was not included in the syn-
thesis: the total sample size was 102 cases, 57 cases in the
experimental group, and 45 cases in the control group.
After treatment, the BMD of the experimental group and
the control group were (3.0+1.1) g/cm2 and (- 0.440.6)
g/cm?, respectively, P=0.009. The difference between the
two groups was statistically significant, and the treatment
group was significantly better than the conventional
treatment group.

Hip BMD
Four studies [6-8, 15] reported hip BMD (femoral neck,
intertrochanteric, and ward triangle). The results of the
heterogeneity test showed that P=0.00001, *=100%;
there is obvious heterogeneity. The reason may be related
to the course of treatment. Therefore, according to the
length of the course of treatment (within 6 months and
more than 6 months), it is analyzed, respectively. Among
the studies, the course of treatment of two [8, 15] was

Mean Difference Mean Difference

Experimental Control
Study or Subgrou| Mean SD Total Mean SD Total Weight
Demet Ofluoglu 2006 -25 08 g -28 049 3\ 3%
Hasan ATBINICI2015 -24 11 15 -285 1.82 20 0.4%
R. Rizzoli A2015 -07 07 41 -07 045 42 51%
DeEE2009 087 0.1 23 0.9 0.088 200 91.4%
Total (95% CI) 118 121 100.0%

Heterogeneity: Chi*=4.42 df=3(P=0.22), F=32%
Test for overall effect Z=0.55 (P = 0.59)

Fig. 3 Lumbar spine BMD about 5 studies
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-0.02 [-0.08, 0.04]
100 50 0 50 100

Favours [experimental] Favours [control]
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Demet Ofluoglu 2006 -1.25 07 39 14 07 38 29% 015016, 0.46]
FHE 2016 055 012 47 052 014 44 971% 0.03[0.02, 0.08]
Total (95% CI) 86 83 100.0% 0.03[-0.02, 0.09]
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Test for averall effect Z=1.24 (P=0.22)

Fig. 4 Hip BMD about 2 studies
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within 6 months (P=0.46, I’ =0%) (Fig. 4). Therefore, by
using the fixed-effect model, 95%CI (— 0. 02,0. 09), P =0.
22), there was no statistical significance between the two
groups. The course of treatment of the other two stud-
ies is more than 6months, P<0.00001, I>?=100%. The het-
erogeneity is obvious, descriptive analysis shows that the
total sample size of one study [6] was 102, 57 cases in the
experimental group and 45 cases in the control group.
After treatment, the BMD of the hip in the experimental
group and the control group were (3.1 +0.5) mmol/L and
(—0.8+0.6) mmol/L, respectively, 95% CI (3.68, 4.12),
P<0.0005. The difference between the two groups was
statistically significant, and the intranasal salmon calci-
tonin treatment group was significantly better than the
conventional treatment group. The total sample size of
one study [7] was 90. There were 45 cases in the experi-
mental group and 45 cases in the control group. After
treatment, the BMD of hip in the experimental group
and the control group were (—2.1+0.5) mmol/L and (-
2.4+0.5) mmol/L, respectively, P>0.05. There was no
significant difference between the two groups.

2.4.3 Five studies [5, 6, 10, 12, 14] reported serum cal-
cium levels. The results of the heterogeneity test showed
that P<0.00001, I>=93%, there was significant heteroge-
neity, and sensitivity analysis finds that intranasal salmon
calcitonin is sprayed once every other month in one
study [6]and once q day in the other studies. This may
be the main cause of heterogeneity. After rejecting this
study, the results of the heterogeneity test showed that
P=0.38, I*=3% (Fig. 5). Therefore, using the fixed-effect

model, 95% CI (—0.02, — 0.02), P<0. 0001. The difference
between the two groups was statistically significant. The
intranasal salmon calcitonin treatment group was sig-
nificantly better than the conventional treatment group.
Descriptive analysis of one study [6] was not included
in the synthesis: The total sample size was 102 cases, 57
cases in the experimental group, and 45 cases in the con-
trol group. After treatment, the BMD of the experimental
group and the control group were (— 0.7 £0.5) g/cm? and
(0.2+£0.7) g/cm?, respectively, P>0.05. There was no sig-
nificant difference between the two groups. The intrana-
sal salmon calcitonin treatment group was not superior
to the conventional treatment group.

Six studies [5-7, 10, 12, 14] reported serum alkaline
phosphatase. The results of the heterogeneity test showed
that P=0.04, I?=58%. There was significant heterogene-
ity, considering that the dosage and times of the applica-
tion of intranasal salmon calcitonin are the main factors
affecting the results. Therefore, it is divided into group 1
[5-7,10] and group 2 [12, 14], Groupl: intranasal salmon
calcitonin is sprayed once every other month. The results
of the heterogeneity test showed that P=0.85, I*=0%
(Fig. 6), so fixed-effect model was used, MD =0.78, 95%
CI (- 0.23, 0.25), P=0.93, there was no significant differ-
ence between the two groups. In group 2, 50 IU or 100 IU
intranasal salmon calcitonin was used five times a week.
The results of the heterogeneity test showed that P=0.74,
P = 0% (Fig. 7), so the fixed-effect model was used,
MD= 0.11, 95% CI (0.91, 2.28), P < 0.00001, the differ-
ence between the two groups was statistically significant,

Experimental Control

Heterogeneity: Chi®= 3.09, df= 3 (P=0.38), F= 3%
Testfor averall effect: Z=10.77 (P = 0.00001)

Fig. 5 Serum calcium levels about 4 studies
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JY. REGINSTER 1994 239 001 142 241 002 145 999%
Kirsten Overgaard 1989 552 047 a0 948 071 50 0.0%
M Cecchettin 1995 89 03 20 91 0.4 20 0.0%
Total (95% CI) 227 235 100.0%

-0.30 [-1.39, 0.79]
-0.02 [-0.02,-0.02]

0.04 [-0.20, 0.28]
-0.20 -0.42, 0.02]

-0.02 [-0.02, -0.02]

100 -50 0 50 100
Favours [experimental] Favours [control]
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Evangelia Kaskani /£ G 2005  22.23 7.79 57 2285 9.28 45 36.6% -0.07 [-0.46,0.32]
Hasan ATBINICI2015 96 44 15 915 267 20 12.5% 0.13 [0.54,0.80]
J.¥Y. REGINSTER 1994 85.8 3.2 142 842 27 145  0.0% 0.54 [0.30,0.78]
Kirsten Overgaard 1989 9545 3447 50 96.65 47.58 50 36.4% -0.03[-0.42, 0.36]
M Cecchettin 1995 173 31 20 167 20 20 14.5% 0.23 [-0.40, 0.85]
R. Rizzoli A2015 -10.6 34 45 125 3.3 45 0.0% 0.56 [0.14, 0.98]
Total (95% CI) 142 135 100.0% 0.01[-0.23, 0.25]
Heterogeneity: Chi*= 0.78, df=3 (P = 0.85); F=0% k + T t {
e _ -100 -50 0 50 100
Testfor overall effect: Z=0.09 (P =0.93) Favours [experimental] Favours [control]
Fig. 6 Serum alkaline phosphatase about 4 studies
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Evangelia Kaskani £ G 2005 2223 7.79 57 2285 928 45  0.0%  -0.07[-0.46,0.32]
Hasan ATBINICI2015 96 44 18 915 267 20 0.0% 0.13 [-0.54, 0.80]
JY. REGINSTER 1994 858 3.2 142 842 27 145 998% 1.60[0.91, 2.29]
Kirsten Overgaard 1989 95.45 3447 50 96.65 47.58 50 0.2% -1.20[17.49,15.09] Y
M Cecchettin 1995 173 N 20 167 20 20 0.0% 0.23 [-0.40, 0.85]
R. Rizzali A2015 -10.6 3.4 45 -12.5 33 45  0.0% 0.56 [0.14, 0.98]
Total (95% Cl) 192 195 100.0% 1.60 [0.91, 2.28]
Heterogeneity: Chi*= 0,11, df=1 (P = 0.74); F= 0% f f f |
o -100 -50 a 50 100
Testfor overall effect. 2= 4.56 (P < 0.00001) Favours [experimental] Favours [control]
Fig. 7 Serum alkaline phosphatase about 2 studies
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Kirsten Overgaard 1989 3.48 062 50 343 047 a0 56.9% 0.05[017, 0.27]
M Cecchettin 1995 g 04 20 35 04 20 431% 4.50[4.25 4.75] u
Total (95% CI) 70 70 100.0% 1.97[1.80,2.13] '
. 2 - 12— 1 1 1 |
S AT Ak S ST R R TR
e ’ Favours [experimental] Favours [control]
Fig. 8. Serum phosphorus level about 2 studies

and the intranasal salmon calcitonin treatment group
was significantly better than the conventional treatment

group.

Serum phosphorus level

Two studies [5, 14] reported serum phosphorus lev-
els. The results of the heterogeneity test showed that
P<0.00001, >=100% (Fig. 8), there was significant het-
erogeneity. Descriptive analysis shows that one study [5]
there were 40 samples in total, 20 in the experimental
group and 20 in the control group. After treatment, the
serum phosphorus levels in the experimental group and
the control group were (8+£0.4) mmol/L and (3.5+£0.4)
mmol/L, respectively, P>0.05. There was no significant
difference between the two groups. It cannot be con-
cluded that the intranasal salmon calcitonin treatment
group was superior to the conventional treatment group.

One study [14]: 52 samples in total, 26 in the experimen-
tal group and 26 in the control group. After treatment,
the serum phosphorus levels in the experimental group
and the control group were (3.48+0.62) mmol/L and
(3.43+0.47) mmol/L, respectively, P>0.05. There was
no significant difference between the two groups, which
could not be concluded that the intranasal salmon calci-
tonin treatment group was superior to the conventional
treatment group.

2.4.6 Two studies [6, 7] reported serum parathyroid
hormone levels. The results of the heterogeneity test
showed that P=0.0004, >=92% (Fig. 9), there was sig-
nificant heterogeneity. Descriptive analysis shows that
one study [6]: 102 samples in total, 57 in the experimental
group and 45 in the control group. After treatment, the
serum phosphorus levels in the experimental group and
the control group were (—2.5+2.6) pg/ml and (0.8 £0.4)
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Apurva K.2004 0 I 0 0 0 0 0.0% 0.09 [-0.38, 0.56]
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Fig. 9 Serum parathyroid hormone level about 2 studies
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Apurva K.2004 3,381 1,591 75 3187 1,356 23 B7.5% 0.12[-0.34, 0.59]
Hasan ATBINICI2015 023 031 18 032 025 20 325% -0.32 [-0.99, 0.36]
Total (95% CI) 90 43 100.0% -0.02 [-0.40, 0.37]
Heterogeneity: Chi®=1.12, df=1 (P = 0.29); F= 10% f t 1 f |
L v -100 -50 0 50 100
Testior overall effect 2= 010 (P = 0.92) Favours [experimental] Favours [control]
Fig. 10 Serum CTX level about 2 studies
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
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Fig. 11 Urine NTx level about 2 studies
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Fig. 12 Bone mineral content level about 2 studies

pg/ml, respectively, P<0.05. The difference between the
two groups was statistically significant, and the intranasal
salmon calcitonin treatment group was superior to the
conventional treatment group. One study [7]: 90 samples
in total, 45 in the experimental group, and 45 in the con-
trol group. After treatment, the serum phosphorus levels
in the experimental group and the control group were
(31£11.1) pmol/L and (7.2+6.2) pmol/L, respectively,
P<0.05. The difference between the two groups was sta-
tistically significant, and the intranasal salmon calcitonin

treatment group was superior to the conventional treat-
ment group.

Two studies [10, 11] reported the serum CTX level, the
heterogeneity test results showed that P=0.92, I*=10%
(Fig. 10), so the fixed-effect model was used, OR=1.12,
95% CI (— 0.4, 0.37), P=0.92, there was no statistical dif-
ference between the two groups, which could not show
that the intranasal salmon calcitonin treatment group
was superior to the conventional treatment group.
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Two studies [11, 14] reported the urine NTx level, the
heterogeneity test results showed that P=0.33, I>=0%
(Fig. 11), so the fixed-effect model was used, 95% CI
(—2.06, 9.00), P=0.22, there was no statistical differ-
ence between the two groups, which could not show
that the intranasal salmon calcitonin treatment group
was superior to the conventional treatment group.

Two studies [13, 16] reported the bone mineral content
level, the heterogeneity test results showed that P = 0.68,
PP = 0% (Fig. 12), so the fixed-effect model was used, 95%
CI (— 3.74, 2.35), P = 0.65, there was no statistical differ-
ence between the two groups, which could not show that
the intranasal salmon calcitonin treatment group was
superior to the conventional treatment group.

3 studies [5-7] report urinary creatinine ratio level.
The results of the heterogeneity test showed that
P=0.07, >=98%. The heterogeneity is large, and sen-
sitivity analysis finds that intranasal salmon calcitonin
is sprayed once every other month in one study [6] and
once q day in the other studies. This may be the main
cause of heterogeneity. After rejecting this study, the
results of the heterogeneity test showed that P=0.86,
P=0% (Fig. 13). Therefore, using the fixed-effect
model, 95% CI (1.39, 2.23), P<0.00001, the difference
between the two groups was statistically significant,
and the intranasal salmon calcitonin treatment group
was significantly better than the conventional treat-
ment group. Descriptive analysis of one study [6] was
not included in the synthesis: The total sample size was
102 cases, 57 cases in the experimental group, and 45
cases in the control group. After treatment, the uri-
nary creatinine ratio of the experimental group and
the control group were (—6.1£3.6) and (0.6+6.6),
respectively, P>0.05. There was no statistical difference
between the two groups, which could not show that the
intranasal salmon calcitonin treatment group was supe-
rior to the conventional treatment group.

Adverse reaction

Five studies [5, 7, 8, 12, 15] reported adverse drug reac-
tions. Two [5, 7] of the studies report adverse drug
reactions in both the study group and the control
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group. One study [5]: the intranasal salmon calcitonin
treatment group reported one case of pruritus and one
case of epistaxis, and the control group reported four
cases of a stomachache. One study [7]: the intranasal
salmon calcitonin treatment group reported 14 cases of
arthralgia and 8 patients detected antibodies, and the
control group reported 26 cases of arthralgia symp-
toms. One study [8]: the intranasal salmon calcitonin
treatment group reported one case of nose injury and
one case of skin pruritus. One study [12] reported the
patients not tolerating intranasal salmon calcitonin and
calcium in varying degrees in the experimental group
and the control group. A case of nasal hypersensitivity
was reported in the control group of one study [15].

Publication bias assessment

Among the outcome indicators, the number of studies
on each indicator is less than 7, so there is no publication
bias assessment.

Discussion

Migaixi nasal spray is a commonly used anti-osteoporo-
sis drug in the clinic. It is widely used clinically because
of its convenient carrying and non-invasive advantages.
However, there are different opinions on its clinical effi-
cacy at home and abroad. In this paper, a systematic
meta-analysis of its clinical efficacy is carried out based
on the research of 12 domestic and foreign literature.
No main outcome indicators of primary osteoporosis
were reported in the studies included. The number of
fractures, types of fractures, and the number of deaths
directly or indirectly caused by osteoporosis. This may
be due to the biased choice of subjects and the short fol-
low-up time. The results of efficacy evaluation show that
in terms of improving lumbar BMD, there was no signifi-
cant advantage in improving the BMD of lumbar verte-
brae by using only intranasal salmon calcitonin (once a
day) or intranasal salmon calcitonin (once a day)+ rou-
tine intervention. Because of the lack of literature, the
specific efficacy needs to keep on being explored, so
at present, it cannot be concluded that the intranasal
salmon calcitonin has obvious advantages in improving
lumbar BMD. In terms of improving the BMD of the hip,

Fig. 13 Urinary creatinine ratio level about 2 studies
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within 6 months of treatment, there is no obvious advan-
tage in the treatment of intranasal salmon calcitonin
(once a day) 4 conventional intervention compared with
conventional treatment. When the total course of treat-
ment is more than 6 months, because the selected lit-
erature has great heterogeneity, there is no comparative
significance. In conclusion, intranasal salmon calcitonin
has no obvious advantage in improving the lumbar BMD
and hip BMD. In the analysis of hip BMD for more than
6 months, there is a big heterogeneity problem, which
may be caused by the diversity between measurement
methods, measurement methods and selected objects.
The analysis of serum calcium showed that the effect of
only using intranasal salmon calcitonin (once a day) was
better than that of routine intervention, and intranasal
salmon calcitonin (once a day)+routine intervention
was also better than that of routine intervention, but the
clinical effect of intranasal salmon calcitonin (once a day
every other month) was not clear and definite because of
the sample capacity. The analysis of serum alkaline phos-
phatase showed that there was no significant difference
in the efficacy of intranasal salmon calcitonin (once a day
for 200IU) whether it was used alone or combined with
routine intervention. The efficacy of intranasal salmon
calcitonin (50IU or 100IU five times weekly)+ rou-
tine intervention was significantly better than that of
the simple routine intervention group. We can see the
effect of intranasal salmon calcitonin on alkaline phos-
phatase is closely related to the dosage and times of
intranasal salmon calcitonin application, and its specific
effects need to be further discussed and analyzed. For
the influence of blood phosphorus and serum parathy-
roid hormone level, although the two kinds of literature
show that the therapeutic effect is obvious, because of
the great heterogeneity of the two kinds of literature, it
is not clear to illustrate the definite therapeutic effect
of the intranasal salmon calcitonin. For the analysis of
serum CTX, urinary NTX, and bone mineral content,
it cannot be concluded that the intranasal salmon cal-
citonin treatment group is better than the conventional
treatment group. For the ratio of urine creatinine, the
intranasal salmon calcitonin treatment group was signif-
icantly better than the conventional treatment group. In
conclusion, compared with the conventional drugs, the
intranasal salmon calcitonin can significantly improve
the blood calcium level, and the effect on the urinary
creatinine ratio is also better than that of the conven-
tional treatment group. The intranasal salmon calcitonin
(50IU or 100IU five times weekly) has a better effect on
alkaline phosphatase than that of the conventional treat-
ment group. The intranasal salmon calcitonin has no
obvious advantage on BMD compared with the conven-
tional treatment drugs.
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In terms of safety, there are a lot of adverse reactions
to intranasal salmon calcitonin. Whether it is a single
application of intranasal salmon calcitonin or a combina-
tion of intranasal salmon calcitonin and routine interven-
tion, there are mainly pruritus, epistaxis, and arthralgia;
the reactions are relatively mild, without any sequelae.
This study is a simple randomized group. There is no sig-
nificant analysis on the factors that may affect the effect,
such as the course of treatment and the time of meno-
pause, and there should be further exploration of large
sample and high-quality research in the future.

In this study, we searched for the published literature
about intranasal salmon calcitonin. However, most of
the original studies are of low quality and have method-
ological and clinical heterogeneity. The data of minority
studies have suspected mistakes. We fail to contact the
original researchers to correct the suspicious data.

Conclusion

It is suggested that in addition to blood calcium, urinary
creatinine ratio, and alkaline phosphatase, there is no
obvious advantage in other indicators comparing with the
conventional treatment group, and whether the combina-
tion of the two treatment plans is better than the conven-
tional drugs alone has not been confirmed, which needs
further large sample study. Intranasal salmon calcitonin
and other conventional drugs have different adverse reac-
tions which should be adjusted in time according to the
individual constitution of patients. This study does not
recommend the combination of intranasal salmon calci-
tonin and conventional drugs to avoid the incidence of
adverse reactions.
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