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Abstract

Introduction: Osteocalcin (OC) and its effect on insulin resistance in animals have been studied and demonstrated. But, the same is yet to be established
in humans. Moreover, the association of Gestational Diabetes Mellitus (GDM) with serum Osteocalcin (OC) levels hasn’t been studied much and hence, is
an area of scope for research. This study is aimed at assessing the difference between serum OC levels in non-diabetic pregnant women (Group | — Controls)
and women diagnosed with GDM (Group Il — Cases) and determine whether they can be used in early prediction of GDM. Methods: A thorough and
systematic search of PUBMED and SCOPUS databases was done to identify relevant articles, using the keywords Osteocalcin, pregnhancy, diabetes and
gestational diabetes. Studies which had included atleast 10 study participants per group and had measured serum OC levels in various forms viz.,
undercarboxylated Osteocalcin (ucOC), N terminal Mid fragment Osteocalcin (N MID OC) and total Osteocalcin (tOC) were considered relevant. Out of
45 studies, 9 studies were selected for the present study. Results: There was no significant difference in the mean ucOC and N MID OC levels between the
GDM and nondiabetic controls, whereas, a significant difference was found in the tOC levels between the two groups. Conclusion: Thus, this meta-analysis
shows that tOC may be used as potential marker for GDM rather than ucOC and N MID OC.
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INTRODUCTION

Gestational Diabetes Mellitus (GDM) is defined as any impairment in glucose tolerance with initial onset/ recognition during pregnancy™.
GDM is a common and leading cause of morbidity in the mothers as well as their children[?. Prevention of complications in GDM mothers
and their children has been a challenge to the obstetricians because of the delay in diagnosis.

Osteocalcin (OC), a protein which is chiefly involved in bone metabolism! is primarily derived from the bones, 10 — 30% of which is
released into blood stream and is subsequently eliminated by the liver and the kidneys[*%®l. It occurs in three primary forms - carboxylated
(cOC), undercarboxylated (ucOC), and total osteocalcin (tOC)I], the estimation of the blood levels of which can be done by different
methods such as ELISA (enzyme-linked immunoassay), RIA (radioimmunoassay), electrochemiluminescence immunoassay (ECLIA),
IRMA (immunoradiometric assay) etc. N terminal mid fragment of Osteocalcin (N MID-OC) accounts for the high proportion of circulating
Osteocalcin.

Several authors in their studies have found the tOC and ucOC levels to be lower than the normal range in both Type I and Il diabetics!®
241, However, J. R. Villafan-Bernal et al has found high cOC levels in Type Il diabetics?. ucOC has also been shown to be insulinogenic
and lipolytic in many studies[?l. Pregnancy-induced physiological changes occuring in the maternal body lead to fasting hypoglycemia in
the first trimester followed by a steady decline in the insulin sensitivity in the second and third trimesters?6:27.281 High tOC levels were
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demonstrated in first trimester in women who developed GDM subsequently®, Hence, a combination of the serum levels of proteins related
to insulin resistance such as tOC and ucOC and maternal characteristics might go a long way in predicting the risk for developing GDM[E031,

This meta-analysis is aimed at comparing the serum levels of tOC and ucOC in nondiabetic pregnant women and women diagnosed with
GDM and to determine whether OC can be used a predictive marker for GDM.

MATERIALS AND METHODS

This study was done from August 2021 to August 2022. A systematic search of PubMed and SCOPUS databases was performed to identify
relevant articles published in English. As approval by the Institutional review board is not mandated for meta-analysis, it wasn’t obtained.
This review was carried out adhering to the Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelinest®? and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for systematic reviews and meta-analysist334,
The abstracts of the relevant articles identified were analysed and then the articles with the suitable abstracts were selected for review.
Manual search and scrutiny of the references of the selected articles was done for identification of more related studies. The corresponding
authors of identified articles were contacted for the inadequate details regarding the studies.

Inclusion criteria

Both prospective and retrospective observational studies done on nondiabetic pregnant women (controls) and women diagnosed with GDM
(cases) and which included estimation of serum OC levels.

Exclusion criteria

Studies done on pregnant women with past history of Diabetes Mellitus.

Data collection was done based on Cochrane Consumers and Communication Review Group’s data extraction template, The quality of
the selected articles was assessed using Newcastle Ottawa scale, which is based on three criteria — selection of groups, comparability of
groups and exposure ascertainment. One star was assigned for each positive choice for the questions and articles scoring 7 or more stars
were believed to be authentic®®®l. The data collected were pooled and analysed based on Cochrane handbook. Mean tOC, N MID OC and
ucOC among the nondiabetic pregnant women and those with GDM were compared by taking Mean Difference by Random Effects Model.
Between-study variability was assessed using the 12 and

Cochran’s Q and I2 statistics. Forest plots were drawn to display the results obtained from both the controls and cases. For subgroup analysis,
both fixed and random effects model were employed. Funnel plots were used to identify and quantify publication bias respectively. Statistical
analyses were conducted using Revman software 5.4.1.

RESULTS

After a thorough data searching, a total of 45 articles were found appropriate. We had 25 articles after removal of duplicates. After
screening of all their abstracts, 15 articles were excluded, the reasons being inclusion of women with past history of Diabetes and non-
inclusion of women of all three trimesters. Finally, ten articles were selected for full-text review and 9 of them were selected for the
systematic review and meta-analysis as full text article of one abstract could not be accessed. The authors Tabatabaei et al.[*"], Saucedo et
al.®8 and Srichomkwun et al.®! were contacted for inadequate data on their respective studies. Table | show the characteristics of the
included studies and Figure | shows the PRISMA flow diagram.

Table I: Characteristics of the included studies

Name of | Yea | Countr | Typeof | Inclusion | Exclusion criteria | Criteria | Form of | Meth No. of No. | No. of
the author | rof y of study criteria for Osteocal | od of study of | Contro
stud | study diagno cin Assay | participa | Cas Is
y sisof | measure nts es
GDM d
loannis 201 | Greece | Prospecti | Healthy Previous history | 2 hour toC ECLI 134 40 94
Papastefan 5 ve cohort | pregnant of Diabetes OGTT A
ou study women in mellitus 75¢g of
first glucose
trimester - (95
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mg/dl,

180
mg/dl
and
155
mg/dl
cutoff
ato, 1
& 2h)
Yvonne 201 | Austri | Prospecti | Healthy History of GDM/ | 2 hour | N-MID | ECLI 78 26 52
Winhofer 0 a ve cohort | pregnant | Impaired Glucose | OGTT oC A
study women Tolerance/ 75¢ of
referred | previous obstetric | glucose
from the complications/ - (95
Dept of | fetal macrosomia/ | mg/dl,
Obstetrics 180
& mg/dl
Gynaecol and
ogy 155
(O&G) for mg/dI
Oral cutoff
Glucose ato,1
Tolerance & 2h)
Test
(OGTT)
between
24 - 28
weeks of
gestation
and
followed
up 3
months
postpartu
m
Negar 201 | Canad | Cohort Healthy Past history of One- toC ELIS 96 48 48
Tabatabaei 4 a pregnant | Diabetes mellitus | step: A
Caucasian 75 g of
women glucose
and (5.5,
women 10.0,
with and 7.8
GDM mmol/l
throughou cutoff
t ato, 1,
pregnancy and
2h)
Jing Zhang | 201 | China Case Healthy Previous history One- N-MID | ECLI 151 105 46
8 Control pregnant of GDM, bad step: oC A
study women obstetric history | 75 g of
and
women

Journal of Pharmaceutical Negative Results

| Volume 14 | Regular Issue 02 | 2023




with glucose
GDM (5.5,
with 10.0,
gestationa and 7.8
| period of mmol/l
24-28 cutoff
weeks. ato, 1,
and
2h)
Panudda | 201 | Thaila Case Pregnant | Previous history Two tOCand | ELIS 130 74 56
Srichomk 5 nd Control women of GDM step ucOC A
wun study with GTT:
varying 50q if
degrees of >7.2
Insulin mmol/
Resistance L,
100g
Jingjing 201 | China Case- Healthy History of One- toC ECLI 100 31 69
Ma 9- control pregnant gestational step: A
202 study women diabetes/hyperten | 75 g of
0 who sion, glucose
visited the preeclampsia, (5.1,
dept of heart disease, 10.0,
0&G with | thyroid disorders, | and 8.5
a mental diseases, | mmol/l
gestationa infectious cutoff
| period of diseases. ato, 1,
20 weeks, and
20-35 2h)
years old,
with
singleton
pregnancy
Yujia 201 | China | Prospecti | Pregnant History of One- N-MID | ECLI 721 255 466
Gong 5- ve cohort | women diabetes, step: oC A
202 study who /Impaired Fasting | 75 g of
0 underwent | Glucose (IFG)/ | glucose
GTT at6- | Impaired Glucose | (5.1,
8 weeks Tolerance (IGT) 10.0,
postpartu | before pregnancy | and 8.5
m mmol/l
cutoff
ato, 1,
and
2h)
Hossein- 201 Iran Case- Pregnant None Two toC ELIS 695 51 644
nezhad 0 control women step A
study without GTT:
previous 50q if
history of >7.2
diabetes in mmol/
the first
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half of L,
pregnancy 100g
Saucedo 201 | Mexic | Prospecti | GDM and None 2hour | tOCand | IRA 120 60 60
5 0 ve cohort | non-GDM OGTT ucoC for
study pregnant 75¢ of toC
women at glucose and
30 - (95 ELIS
weeksof mg/dl, A for
gestation 180 ucOC
and 6 mg/dl
weeks and
postpartu 155
m mg/dl
cutoff
ato, 1
& 2h)

Figure I: PRISMA flow diagram of included studies

Studies identified from PUBMED Studies identified from SCOPUS
(n=21) (n=24)
| I
v v

Studies after removal of duplicates

(n=25) Abstracts excluded due to
i reasons.
Abstracts screened 1. Non—lnc-lusmn of all three
, trimesters.
n=25 . .
( ) ) 2. Inclusion of women with
v past history of Diabetes
Abstracts shortlisted
one article was excluded die
(n=10) e
to inability to access the full
text article
v
Full text articles assessed for eligibility
(n=9)

!

Studies included in Qualitative &
Quantitative review

(n=9)

Six authors [29.37:38.39.40411 had analysed the tOC levels alone in GDM and two authorst®%] had estimated both tOC and ucOC levels in GDM.
N MID OC had been measured in three studies“>#344l, Two case control studies and three cohort studies scored 6 stars, two case control and
one cohort study scored 7 stars and one cohort study scored 8 stars in New Castle Ottowa scale (Tables Il & I11). A statistically significant
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mean difference of tOC between women with GDM and nondiabetic pregnant controls was observed ( 2.20; 95% ClI: 0.54 to 3.87; p=0.009).
A Q value of 2.94 with 5 degrees of freedom and p = 0.001 provides evidence that the effect size varies across studies. 12 indicates that 75%
of the variation can be attributed to true effect rather than random error (Figure 11). Funnel plot for studies on tOC measurement showed no
significant publication bias (Figure 111). Formal assessment of heterogeneity by subgroup analysis (both fixed and random effects) models
showed that the use of ECLIA as the method for tOC analysis depicted similar results between studies. No added variability was found in
this subgroup (12 = 0%) (Figures IV and V). There was no statistically significant mean difference between the ucOC (p=0.13) and N MID
OC (p=0.55) levels of GDM and nondiabetic pregnant women (Figures VI & VI1). Funnel plot drawn for studies on ucOC and N MID OC
showed no publication bias (Figures VIII & 1X). Subgroup Analysis for ucOC and N MID OC for heterogeneity was not performed since
there was no statistically significant difference between the study groups.
Table 11: Newcastle- Ottawa scale for Case-control studies

Author Yea | Isthe | Representative | Selecti | Definiti | Study | Study | Ascertainm Same Nonrespo | Sta
r case ness of cases on of onof | contro | control ent of method of nse rate rs
definiti control | controls | | for s for exposure | ascertainm
on S main | additio ent for
adequat outco nal cases and
e? me outcom controls
es
\]lng 201 * * * * * * * 7
Zhang 8
Panudda | 201 * * * * * * 6
Srichomk 5
wun
Jing Jing | 201 * * * * * * * 7
Ma 9-20
Hossein- | 201 * * * * * * 6
nezhad 0

Table I11: Newcastle- Ottawa scale for Cohort studies

Author Yea | Representative | Selecti | Ascertain | Demonstrat | Study | Study Ascertain Was | Adequa | Sta
r ness of on of ment of ion that contro | control ment follow- cy rs
exposed non- exposure | outcome of | Is for S of outcome up of
cohort expose interest main for enough | follow-
d was outco | additio for up
cohort not present me nal outcom | cohorts
at start of outcom esto
study es occur
loannis 201 * * * * * * 6
Papastefa 5
nou
Yvonne 201 * * * * * * * 7
Winhofer 0
Negar 201 * * * * * * 6
Tabatabae | 4
i
Yujia 201 * * * * * * * * 8
Gong 5-20
Saucedo | 201 * * * * * * 6
5
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Figure I1: Forest plot on mean difference of tOC among GDM and nondiabetic pregnant women

GOM Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Hossein-nezhad 2010 105 5.9 51 52 29 644 198% A.30[3.67,6.93) —*
loannis Papastefanou 2014 .81 2489 40 734 304 94 224% 1.47 [0.46, 2.48] . —
Jingjing Ma 2019 1697 ¥.04 31 1408 481 F9  14.3% 289[0.06, 572 *
Megar Tahatabaei 2014 102 11.3 48 81 32 48 124% 2A0[-1.22, 542 +
Panudda Srichomkwun 2015 126 58 74 118 53 56 18.4% 0.70[-1.22, 262
Saucedno 2015 174 97 g0 172 83 B0 127% 0.20[-3.03, 3.43]
Total (95% CI) 304 971 100.0% 2.20 [0.54, 3.87] ——eni——
Heterageneity: Tau®= 2.94; Chi®=19.86, df= 5 {P=0.001); F=T9% f {

-4 2 0 2 4

Testfar averall effect 2= 2.60 (F = 0.004) Favours [experimental] Favours [control]

Figure I11: Funnel plot for publication bias assessment in studies measuring tOC
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Figure 1V: Subgroup analysis of studies measuring tOC by fixed effects model.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
5.1.1 ECLIA
loannis Papastefanou 2015 .81 2493 40 734 304 94  448% 1.47[0.46,2.48] ——
Jingjing Ma 2019 16.97 7.04 31 1408 581 B9 57% 2.B89[0.0B 572
Subtotal (95% Cl) 7 163  50.5% 1.63 [0.68, 2.58] -

Heterogeneity: Chif=0.86, df=1 (P = 0.35);, F=0%
Test for overall effect £= 3.36 (P = 0.0008)

5.1.2 ELISA

Hoszsein-nezhad 2010 1048 548 a1 52 289 644 171%  530[3E7 6.93] e
Megar Tabatabaei 2014 102 11.3 48 81 3.2 48 42% 210[1.22,5.43) -
FPanudda Srichambwiun 2015 59 34 74 52 38 86 28.2% O0.70[0.58 1.98] T

Subtotal (95% CI) 173 748 49.5% 2.41[1.45,3.37] -

Heterogeneity: Chi®= 18.94, df=2 (P < 0.0001), F= 89%
Test for overall effect £=4.91 (P = 0.00001)

Total {95% CI) 244 911 100.0% 2.02 [1.34, 2.69] S
Heterogeneity: Chi®= 21.08, df=4 (P=0.0003), F=81% 54 !2 s 152 4:1
Test for overall effect £=5.84 (P = 0.00001)

8 . Favours [experimental] Favours [control]
Testfor subaroun differences: Chi*=1.28. df=1(P=0.26 F=21.9%
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Figure V: Subgroup analysis of studies measuring tOC by random effects model

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 95% Cl IV, Random, 95% CIl
5.1.1 ECLIA
loannis Papastefanou 2015 881 259 40 T34 304 94 24.8% 1.47 [0.46, 2.48] —a—
Jingjing Ma 2019 1697 T.04 31408 881 B9 159% 289 [0.06,577 "
Subtotal (95% CI) 71 163 40.7T% 1.63 [0.68, 2.58] e

Heterageneity: Tau®=0.00; Chi*= 086, df=1 (P =035}, F=0%
Test for overall effect: Z= 3.36 (P = 0.0008)

5.1.2 ELISA

Hossein-nezhad 2010 1048 4849 a1 52 25 644 21.9% 5.30[3.67,6.53] I —
MNegar Tabatabaei 2014 102 113 48 81 32 48 137% 210[1.22,5.42] I
Panudda Srichombowun 2014 58 34 T4 52 38 a6 23.7% 0.70[-0.58,1.58] b

Subtotal (95% CI) 173 748  59.3% 2.72 [-0.61, 6.05] e ——
Heterogeneity. Tau®=7.45, Chi®=18.95, df= 2 (P = 0.0001), I*= 9%

Test far averall effect: Z=1.60 (F=0.11)

Total {95% CI) 244 911 100.0% 2.44 [0.68, 4.20] —=aug———
Heterogeneity: Tau®= 2.97; Chi*= 21.08, df= 4 (P = 0.0003); F=81% 54 52 b é ji

Testfor overall effect 2= 2.72 (P = 0.007) Favours [experimental] Favours [control]

Test for subgroup differences: Chi*= 038, df=1 (P =0.54), F= 0%

Figure VI: Forest plot on mean difference of ucOC among GDM and nondiabetic pregnant women

GDM Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total Weight IV, Random, 85% Cl IV, Random, 95% CI
Panudda Srichormbkwun 2014 59 35 T4 52 38 A6 BRAE% 0.70 [-0.48, 1.98] |
Saucedo 2015 41 65 B0 31 29 60 334% 1.00 [-0.80, 2.80] &
Total {95% CI) 134 116 100.0%  0.80 [-0.24, 1.84] et
Heterogeneity; Tau®= 0.00; Chit= 0.07, df=1 (P=0.79; F= 0% 52 51 1 15 é
Testfor overall efiect 2=1.51 (P = 0.13) Favours [experimental] Favours [control]

Figure VII: Forest plot on mean difference of N MID OC among GDM and nondiabetic pregnant women

GDM Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Jing Zhang 2018 1027 228 108 909 331 46 37 2% 118013, 2.23] — &
Yujia Gong 2014 1383 65 255 1533 7R3 466 369% -1.40[248,-031] —
Ywonne Winhofer 2010 156 64 26 126 4 a2 2549% 3.00[0.31, 5.649] = *
Total {95% Cl) 386 564 100.0% 0.70 [-1.59, 2.98]
Heterogeneity: Tau®= 3.36; Chi®=15.70, df=2 (P = 0.0004); F= 87% t t 1 f f
Testf Il effect Z=0.60 (P = 0.55 4 -2 0 2 4
estioroverall effect 2= 0.60 (P = 0.5%) Favours [experimental] Favours [control]
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Figure VIII: Funnel plot for publication bias in studies measuring ucOC
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Figure 1X: Funnel plot for publication bias in studies measuring N MID OC
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DISCUSSION

The main Findings are a) Serum concentrations of tOC are significantly higher in women with GDM when compared to nondiabetic controls
b) There is no significant difference in ucOC concentrations among women with GDM and nondiabetic pregnant controls and finally, c)
ECLIA as a method for measuring tOC was the only one comparable among studies, showing no heterogeneity and yielding similar results.
The molecular mechanisms underlying OC differences among normal pregnant and GDM women are yet to be elucidated. One of the
attributable factors might be the fact that placental-induced insulin resistance reaches its peak between 24 and 28 weeks of gestation. This
insulin resistance leads to an increase in insulin secretion by pancreatic B-cells as a compensatory mechanism that stimulates an increased
anabolic feature on bone metabolism via IGF-1, therefore, influencing OC concentrations especially during the second trimester of
pregnancy as described by Winhofer et al.[*?l, Similar to our results, the study of Telejko et al.[**I showed no significant difference in tOC
levels among women with and without GDM. This study was excluded due to the inclusion of women after 28 weeks of gestation as defined
previously. The study conducted by Martinez et al.[*®l showed an increase of tOC concentrations among women with diabetes, which was
also discarded from our metaanalysis due to the inclusion of prediabetic patients.

Early diagnosis and treatment of GDM can go a long way in preventing perinatal maternal and fetal complications. This, to a certain
extent has been achieved by life style modifications!*’8] and various predictive models*®*% though with a limited capacity. Our study
suggests that serum ucOC level may be a useful predictive marker of GDM, when used in combination with the existing predictive models.
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Strengths and Limitations

The main strengths of our study are that an extensive and organised review done by multiple reviewers and blinding of the reviewers for
the authors and the institutions of study to minimise bias. The main limitation of this study is the small number of publications found in the
literature, which was due to the limited research done on this particular topic and not due to the search strategy. Moreover, the impact of
other possible coexistent conditions like thyroid disorders on serum Osteocalcin were not studied due to lack of available literature.

CONCLUSION

This meta-analysis has found evidence favouring the use of tOC as a potential marker for GDM rather than ucOC, in view of its reduced
variability, irrespective of the analytical assay methods used, especially with ECLIA.
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