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Abstract leptin and insulin have been implicated in fetal growth regulation and investigated repeatedly with controversial
outcomes. A systematic review and meta-analysis were conducted according to MOOSE guidelines to establish if consis-
tency exists in the reported literature so that the role of maternal and fetal insulin and leptin in fetal growth could be assessed.
A robust recognised systematic methodology was used in the literature search and data extraction and analysis to avoid bias.
SPSS version 16 and RevMan 4.2 were used for statistical analysis and the results presented as a Weighted Mean Difference
(WMD) and 95% CI. Nineteen studies were included. Large for gestational age babies (LGA) had significantly higher cord
serum insulin and leptin levels than was adequate for gestational age (AGA) ones[3.16 pIU/ml (0.85, 5.48) and -4.33 ng/ml
(-5.30, -3.36) respectively]. Small for gestational age babies (SGA) had similar insulin levels but significantly lower cord
leptin[21 plU/ml (-5.69, 1.27)] than AGA babies[-3.07ng/ml (-4.57, -1.58)]. Maternal serum levels of leptin were similar
between mothers of LGA, SGA and AGA babies. Conclusion: although both fetal insulin and leptin reflect the degree of fetal

adiposity, leptin may have growth promoting properties.
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1. Introduction

Fetal growth is a complex process that is influenced by
multiple factors and has far-reaching health implications.
Several hormones are believed to have a regulatory role.
However, the relative contribution of many hormones re-
mains speculative at best and usually controversial. The role
of insulin and leptin among the complex network of factors
controlling fetal growth is still a matter for debate. Insulin
has long been known to augment fetal growth by stimulating
nutrient transfer via its direct lipogenic effect, enhancing the
bio-availability of IGFs[1-4] and was also found to
up-regulate leptin secretion[5]. However, others believe that
insulin has only a permissive role in fetal growth[6].

The role of leptin as an intrauterine growth modulator has
been a subject of controversy. Healthy pregnant women have
significantly higher serum leptin levels than healthy
non-pregnant ones[7]. Maternal serum leptin increases pro-
gressively, peaking in the second trimester, plateauing to-
wards term and returns to pre-gestational levels after deliv-
ery[8-9]. Leptin can be detected in cord serum as early as 19
weeks, increasing with advancing gestation[10].

Cord leptin concentrations were found to be directly
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correlated with birth weight and Ponderal index in several
studies[11-13]. Higher circulating fetal and maternal leptin
levels and the presence of leptin and leptin receptors in fetal
and placental tissues[14] indicates that leptin is potentially a
growth factor. However, the strong correlation between
leptin and birth weight may merely reflect fetal adiposity and
may not be related to fetal growth.

No significant difference in cord leptin levels was found
between small for gestational age (SGA) and appropriate for
gestational age (AGA) babies[15] indicating that if leptin
acts as a growth factor in-utero it has a weak non-regulatory
role. Moreover, a more recent study reported no significant
correlation between neonatal leptin and birth weight or birth
BMI[16]. Several studies reported the absence of correlation
between maternal serum leptin and birth weight[17-18].

Accordingly, the roles insulin and leptin play in promoting
fetal growth have been controversial mainly due to small
sample size and clinical and methodological diversity in the
published studies. A systematic review of the role of leptin
and insulin in fetal growth in euglycaemic mothers and ba-
bies along the full growth spectrum was performed.

2. Objectives

The objectives were to assess the extent of discrepancy or
consistency in the available literature and to form an objec-
tive opinion based on the weight of evidence regarding the
role of maternal and fetal leptin in relation to insulin in fetal
growth.
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Figure 1.
3. Materials and Methods

The systematic review and meta-analysis were based on a
detailed prospective protocol and was conducted according
to MOOSE[19] guidelines.

3.1. Search Strategy, Study Selection, Study Quality As-
sessment and Data Extraction

A comprehensive literature search of Medline (Pubmed
and Ovid SP), Scopus, EMBASE and Web of Knowledge
and Cochrane Library was performed for the original work
conducted on humans between 1960 and March 2010. To
obtain any articles missed by the electronic search and to
minimize publication bias, scanning of the reference list of
all related articles was performed together with search in the
System for Information on Grey Literature in Europe to pick
up the unpublished work. The UK Clinical Research Net-
work portfolio database was used to search for relevant trials
in progress. In case of a duplicate publication, the most re-
cent or complete version was included. Searches were re-
stricted to English language articles because of financial
limitations. Advice for electronic search was obtained from
an expert librarian at the Health Sciences Library, Royal
Hallamshire Hospital in Sheffield, UK.

Selected studies were eligible to be included if they met
the following criteria: those reported on mothers with sin-
gleton pregnancies who were non-smokers, with no history
of alcohol consumption or drug abuse during the pregnancy,
free from any pregestational medical problems or preg-
nancy-induced complications that were likely to affect fetal
growth. Studies conducted on the cord sera of term viable

Process of literature retrieval

babies who were free from chromosomal or major structural
anomalies were also eligible.

Figure 1 illustrates the process of retrieval of the studies;
selection of all the potential articles was carried out firstly by
screening their titles and/or abstracts independently by two
reviewers (A.E. and H.L.) according to pre-determined in-
clusion and exclusion criteria. The studies that compared the
levels of maternal and/or cord serum insulin and leptin,
individually or in combination, in relation to a specific pat-
tern of fetal growth, irrespective of the study design, were
included. The full manuscripts of all potentially appropriate
abstracts were obtained and reviewed. The two investigators
independently considered papers for eligibility and critically
appraised the included studies according to criteria decided a
priori to include only the studies of the highest quality. Any
discrepancy was discussed by the two reviewers to reach a
consensus. Data extraction was performed from the eligible
studies using a pre-prepared proforma. The investigators
were not blinded to the authors, institutions or journals in the
retrieved studies.

3.2. Data Synthesis and Summary Of Study Results

Table 1 demonstrates the individual study characteristics
and the results of the included studies. Statistics were con-
ducted using RevMan 4.2 (Copenhagen, the Nordic Coch-
rane Centre the Cochrane Collaboration, 2008) and SPSS
version 16.0 (SPSS Inc., Chicago, Illinois, USA) and the data
were presented as Weighted Mean Differences (WMDs)
with 95% CI throughout the text. The primary analysis was
the meta-analysis of WMDs and 95% CI of cord serum leptin
and insulin levels for the studies comparing the babies whose
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growth was considered abnormal (study group) and AGA
babies (reference group). Maternal insulin and leptin levels
of the mothers who gave birth to babies with normal and
abnormal growth were also analysed.

The forest plot was firstly used to demonstrate the results
of the individual study data and then the outcomes from the
original studies were pooled using either a fixed effect model
or random inverse variance effect model. A p value of <0.05
was considered as a significant level.

The in-between studiesheterogeneity was examined visu-
ally by inspecting the forest plots and then examined statis-
tically using the Chi-square and I? tests[20] and p value. A p

value of < 0.1 and I*> 50% or a Chi® greater than its degree
of freedom were considered statistically significant evidence
of heterogeneity. Where there is statistical heterogeneity
with the use of both fixed effect and the random inverse
models, post hoc sensitivity tests were employed by exclu-
sion of each study in turn and by subgroup analysis. Sub-
group analyses according to the type of assay used and the
background normal population were also performed where
possible to investigate the potential impact of these con-
founding variables on the heterogeneity and statistical sig-
nificance of the initial analysis.

Table 1. Characteristics of the studies included in the systematic review and meta-analysis
Study Sample& Popullatlon Stu‘dy Assay Results
Country Size design
[21] Maternal& Cord AGA (20) Cross Insulin (Enzy- - No significant difference between AGA and LGA in cord blood insulin.
blood Israel LGA (40) sectional | mun-test Insulin) | - Maternal insulin was comparable between mothers of AGA and LGA babies.
d blood AGA (147
[22] Colr(orezo L?}A((B)) secc:ioosrfal Insulin IRMA) - No significant difference between AGA and LGA in cord blood insulin.
23] Maternal & Cord AGA (43) Cross Leptin (IRMA) - Cord leptin is significantly lower in SGA (P<0.01).
blood Italy SGA (27) sectional P - Maternal serum leptin is significantly lower in AGA than SGA (p<0.01)
[24] Cord bl9od AGA (200) Crf)ss Insulin (RIA) - Cord blood insulin is significantly higher in macrosomic babies compared to
Croatia LGA (207) sectional control group (p<0.001).
Cord blood AGA (9) Cross . - Cord serum insulin was significantly higher in LGA than AGA babies
[25] USA LGA (11) | sectional | sulin (RIA) (p<0.05).
d blood AGA (96
[26] COIsmei’o Lg N (( . 6; Sei:f;;al Insulin (IRMA) - Cord sera insulin was significantly higher in LGA than AGA (p<0.05).
[27] Corli(li)ilsod ggi ((558)) seCc:iOoSr?al Insulin (RIA) - Cord sera insulin significantly higher in AGA than small babies (p<0.001).
Cord blood AGA (94) Cross . - Cord sera insulin was not significantly different between LGA & AGA
28 Insulin (RIA
[28] Taiwan LGA (132) sectional nsulin (RIA) babies.
Insulin
Cord blood AGA (61) Cross (Chemilumines- | - Cord blood insulin is significantly higher in macrosomic babies compared to
[29] Israel LGA (20) sectional cent immuomet- control group (p= 0.03).
ric) - LGA babies had significantly higher cord leptin than AGA (p=0.001).
Leptin(RIA)
AGA (100) - Cord blood insulin and leptin in AGA is significantly higher than SGA but
[30] Maternal& Cord LGA (45) Cross Insulin (RIA) lower than macrosomic babies (p<0.004& <0.015 respectively).
blood Grease SGA (25) sectional Leptin (RIA) - Maternal leptin in LGA significantly higher than AGA and the difference
was not significant between mothers AGA and SGA babies.
[31] Cliigfisizd ?‘((}}Iz(é%;) seCc:iOoSr?al Leptin (RIA) -Cord leptin in SGA babies was significantly lower than AGA (p=0.001).
- Cord sera insulin and leptin significantly higher in AGA than SGA (p<0.01
Cord blood AGA (28) Cross Insulin (RIA) and p<0.001 respectively)
[32] , SGA (13) , : . P pechvely).
Finland LGA (9) sectional Leptin (RIA) - Cord sera insulin and leptin significantly higher in LGA than AGA (p<0.001
and p<0.005 respectively).
3] Co;jpl;l;:od xg((}}i ((;l;l)) Se(;rt(i);slal Insulin (RIA) -Cord serum insulin was not signit;;abrilélsy different between SGA and AGA
d blood AGA (50
[34] CIO\Zexi:(:) sg N ((5 0)) Sei:f;;al Leptin (IRMA) - Cord leptin in SGA wassignificantly lower than AGA (p=0.003).
[35] Maternal& Cord AGA (30) Cross Leptin (RIA) - Cord leptin was significantly higher in AGA than SGA (p<0.01).
blood Turkey SGA (10) sectional P -Maternal leptin is significantly higher in mothers of AGA than SGA (p<0.05).
[15] Maternal& Cord AGA (14) Cross Leptin (IRMA) - No significant difference between SGA& AGA in cord leptin (p=0.782).
blood Israel SGA (23) sectional P - Mothers of AGA and SGA babies had similar leptin levels.
AGA (568) - Cord leptin in SGA was significantly lower than AGA (p= 0.003), whereas
[36] Maternal& Cord SGA (103) Cross Leptin (ELISA) LGA and AGA had a comparable cord leptin levels.
blood German LGA (38) sectional P - Maternal leptin in mothers of AGA was higher than mothers of the LGA and
there was no significant difference between mothers of SGA and AGA babies.
d blood AGA (132
[37] C‘Lrezo L(é A((2 2)) Sei:f;;al Leptin (IRMA) - Cord blood leptin was significantly higher in LGA than AGA.
[38] Cord blood ?‘gi ((572)) Cross Leptin (RIA) - Cord leptin was higher in LGA than AGA.
USA SGA (19) sectional p - SGA babies had significantly higher leptin than AGA.
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Figure 4. Cord leptin in LGA vs. AGA
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The difference in maternal leptin levels between mothers of AGA and LGA was non-significant.
Figure 6. The maternal leptin in LGA vs. AGA
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There was no significant difference in maternal leptin levels between mothers of AGA and SGA babies
Figure 7. Maternal leptin in SGA vs. AGA .
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4. Results

Nineteen observational studies were eligible for inclusion
in this systematic review and meta-analysis according to the
predetermined protocol.

4.1. The Primary Analysis

4.1.1. Cord insulin in LGA vs. AGA

Nine studies conducted on 1351 babies were eligible to be
included in this review[22, 24-26, 28-30, 32, 39]. All these
studies demonstrated either a significantly higher cord insu-
lin level in LGA than AGA or no significant difference. In
AGA babies, the mean (SD) cord insulin ranged between
3.09 plU/ml (15.4) and 17.5 plU/ml (6.7); however, the
range of mean cord insulin was wider for LGA babies, from
3.88 ulU/ml (11.96) to 51 plU/ml (171).

The meta-analysis showed that cord insulin was signifi-
cantly higher in LGA babies than AGA (p=0.007) and the
pooled WMD (95%CI) was 3.16 pIlU/ml (0.85, 5.48). The
test of heterogeneity showed a statistically significant het-
erogeneity between these studies[Chi® =47.25, df =8 (p
<0.00001), I* =83%] (Figure. 2). A post hoc analysis was
performed and the homogeneity was achieved by the exclu-
sion of two studies[22, 30]; however, the overall effect re-
mained significant.

4.1.2. Cord insulin in SGA vs. AGA

Five studies comparing the cord insulin level between 140
SGA and 248 AGA babies were retrieved and included in the
review[27, 30, 32-34]. The results of these studies were
controversial. The meta-analysis showed a non-significant
difference in cord insulin levels between SGA and AGA
babies (p=0.21) and the estimated pooled WMD (95%CI)
was -2.21 (-5.69, 1.27). There was however a statistically
significant heterogeneity between these studies (Figure. 3),
and homogeneity was achieved by exclusion of one study[27]
and the difference remained non-significant.

4.1.3. Cord leptin in LGA vs. AGA

Eight studies comparing the cord leptin levels between
359 LGA and 1121 AGA babies were included in this re-
view[26, 28-30, 32, 36-38]. The included studies were ho-
mogeneous[Chi®=7.89, df =7 (p=0.34), I’= 11.3%], despite
the use of different assays and varied background of the
included populations. The meta-analysis confirmed that the
LGA babies had significantly higher cord leptin levels than
AGA peers, the estimated pooled WMD (95%CI) was -4.33
(-5.30, -3.36) p<0.00001 (Figure. 4).

4.1.4. Cord leptin in SGA vs. AGA

Nine studies that compared the cord leptin of 350 SGA
and 1166 AGA babies were analysed[15, 23, 30-32, 34-36,
38]. The mean and standard deviation of cord leptin con-
centration in the AGA groups ranged between 4.1 ng/ml (3.5)
and 23.44 ng/ml (14.36), whereas that for SGA ranged from

3.3 ng/ml (6.5) to 15.32 ng/ml (12.78).

The overall difference was significant with the higher cord
leptin levels in AGA than SGA babies, p<0.0001 and the
pooled WMD was -3.07 (-4.57, -1.58) (Figure. 5). There was
evidence of heterogeneity between the studies[Chi®=49.65,
df =8 (p<0.00001), I*= 83.9%], homogeneity was achieved
by excluding two studies[23, 36] without changing the result
of the initial analysis.

4.1.5. Maternal leptin in LGA vs. AGA

Herein, only two studies were included[30, 36]. The
meta-analysis of these studies showed a statistically
non-significant difference between the two groups of moth-
ers[ WMD was 2.38 (-7.70, 12.46), p value = 0.64]. The test
of heterogeneity was statistically significant[Chi*=15.96, df
=1 (p<0.0001), I*= 93.7%] (Figure. 6). However, it was not
possible to conduct sensitivity analysis due to the small
number of studies included.

4.1.6. Maternal leptin in SGA vs. AGA

Five studies were eligible and meta-analysed[15, 23, 30,
35-36]. One study reported that the mothers of SGA babies
had higher circulating leptin levels than those who delivered
AGA babies[23]. Another study reported exactly the oppo-
site[35]. A non-significant difference was found between the
two groups of mothers in the remaining three studies. A
verdict that was upheld by the meta-analysis, and the pooled
WMD (95%CI) was 3.05 (-6.98, 13.07) (p=0.55).

These studies were heterogeneous (Figure. 7). Homoge-
neity was achieved (Chi*=3.51, df =3 (p <0.32), I’= 14.6%)
by excluding the study that demonstrated a significantly
higher WMD for maternal leptin in mothers of SGA than
AGA babies[23]. The estimated pooled WMD remained
non-significant.

4.1.7. Maternal insulin in LGA vs. AGA

Only one comparative study[39] was eligible to be in-
cluded in this systematic review. This study reported a
non-significant difference in maternal serum insulin between
mothers of LGA and AGA babies; the mean (SD) was
28ulU/ml £7 and 3 1pIU/ml + 5 respectively.

4.2. Subgroup Analysis

The included studies used different assay methods to de-
termine insulin and leptin levels and were conducted on
populations of different ethnic backgrounds. There was
statistically significant heterogeneity between the studies in
almost all of the meta-analyses. The assay method and the
population background can potentially influence reproduci-
bility of studies and bring about the observed heterogene-
ity[40-42]. However, the studies included in the comparison
of cord leptin between LGA and AGA babies were ho-
mogenous despite the use of different assay methods and
diversity of the population background. Therefore, other
methodological factors are likely to have been a source of
heterogeneity. The potential effects of the assay method and
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the reference population on in-between studies observed
heterogeneity was examined in most of the conducted
analyses.

4.2.1. Subgroup analysis according to the assay method: two
assay methods were used in the included studies; ra-
dioimmune assay (RIA) and immune radiometric as-
say (IRMA)

4.2.1.1. Cord insulin in LGA vs. AGA

Five and two studies using RIA and IRMA respectively
were meta-analysed in two different subgroups. The overall
effect in the RIA group showed a significantly higher cord
insulin levels in LGA compared to controls, WMD= 4.78
plU/ml (1.52, 8.04), (p=0.004) (Figure. 8.1) which is in
agreement with the full-group analysis. However the test of
heterogeneity remained significant. The studies using a
commercial IRMA were homogeneous, but the difference in
circulating cord insulin between LGA and AGA babies be-
came non-significant (Figure. 8.2). It was not possible to do
subgroup analysis for the other two studies as they used
different assays.

4.2.1.2. Cord insulin in SGA vs. AGA

The RIA method was used in four studies. The subgroup
analysis of these studies also suffered from statistically sig-
nificant heterogeneity; however, the result of the primary
analysis did not change (Figure 8.3).

4.2.1.3. Cord leptin in SGA vs. AGA

Two subgroup analyses were possible; the RIA subgroup
that contained five studies and IRMA subgroup that con-
tained three studies (Figures 8:4, 5). The WMD remained
significant in both subgroup analyses. However, a statisti-
cally significant heterogeneity was encountered in the IRMA
but not in the RIA subgroup.

4.2.1.4. Maternal leptin in SGA vs. AGA

Two separate subgroup analyses were conducted accord-
ing to the assay method (IRMA and RIA). Both analyses
supported the result of the primary analysis; nonetheless, the
test of heterogeneity remained significant (Figures 8:6, 7).

4.2.2. Subgroup Analysis According to The Reference Pop-
ulation

In order to assess the effect of ethnicity and the natural
differences in population on the results of the studies, the

mean and 95% CI of the cord insulin levels of the AGA
babies were plotted (Figure. 9) and one way ANOVA test
was used to find out the studies with similar levels. A
meta-analysis was carried out that included only the studies
that had similar reference AGA population. This was
repeated for the cord and maternal leptin. Accordingly, ho-
mogeneity was achievable in every analysis and the overall
effect remained in agreement with the primary analyses in
most of the analyses (Figures 10: 1- 3).

5. Discussion

The mechanisms of fetal growth and the factors regulating
fetal growth are not certain yet. There are several factors that
have been investigated repeatedly with controversial out-
comes. Insulin and leptin are among these factors. Insulin is
essentially a growth factor with strong anabolic properties
that also influence the availability of nutrients to the fetus
and the bioavailability of other growth factors[1, 43-44].

The role of leptin in fetal growth is not clear and has been
a subject of debate. Several studies reported a positive cor-
relation between insulin and leptin and many of the babies’
anthropometric indices at birth[28, 31, 45-46]. Others did not
report such a relationship[17, 34, 36, 47]. However, identi-
fying an association between insulin or leptin levels in the
mothers or their babies and the babies’ anthropometric in-
dices does not prove the role of either in all aspects of the
growth process. Further, it does not indicate whether such a
relationship is linear across the entire growth spectrum or
more preferentially evident at one end. Furthermore, a strong
correlation is likely to exist between the fetus’s adiposity,
rather than linear growth, and both insulin and leptin levels
which, if correct, should be evident at any point of the
growth spectrum but much more likely in LGA babies. To
investigate this point several meta-analyses of the compara-
tive studies of the babies across the fetal growth spectrum i.e.
AGA, SGA and LGA were conducted. The objective was to
establish if a linear relationship existed between birth weight
as a measure of fetal growth and insulin and leptin, and
whether this relationship was consistent at both ends of the
growth scale. As it is difficult to meta-analyse correlation
studies, it was hypothesised that if the trend of evidence from
the studies comparing leptin and insulin between SGA or
LGA and AGA babies consistently shows a linear relation-
ship throughout the growth spectrum, this would plausibly
support a role for insulin and leptin in promoting or limiting
fetal growth.
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Post hoc analysis
Figures: 8.1- 8.7: Subgroup analyses according to the assay used
R Fetal asi LGS (Versia 12)
Comparisorr 1 Fetalinsuln LGA
Ouicome: 1 Fetalinsuln L5A

Sedy LA AGA ‘WD [rasdom); Weight WD {randon)
erabcargeny N Veas (5T N Wean (50 w0 % =R
Warvangou A [ IT_EI[11.6%) 1pd 17.51[€.71] E | I6.54 10,12 [6.%F, 13.7E]
Guidice | | 20.51135.70) % 3_BI[1% 1) —_—t b33 16.T [-4D.63, T4.03]
Keiginen H 3 S1.D3[171.900 F: | 10.D3 (2B D) & ¥ D04 41.00 [-71.30, 153.30]
Jaksic ) iy 13 03[E.30) F{i} 10.10[4.40) LR 3.3 [E.1, ¢.27]
TaaiP 1% 13.1013.33] L | 11.19(3.10) 3335 .01 [-0.43, 4.43]
Totl (% 487 431 19603 €74 [1.52, B._DA]
Tesst for beterogenshy: (17 = 1452, &F =4 (P=0.005), F=T30%

Tesstfor everllefiect Z = 2 58 P-= 0004}

] 0 im
ABA LGA

The subgroup analysis of the studies used RIA did not affect the result of the primary analysis or the heterogeneity
Figure 8.1. The cord insulin in LGA vs. AGA in studies used RIA
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Re-analysis of the studies used IRMA overcame the heterogeneity but the difference in the cord levels of leptin between AGA and LGA became
non-significant
Figure 8.2. The cord insulin in LGA vs. AGA in studies used IRMA
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Subgroup analysis of the studies used RIA did not alter the result of the primary analysis or the heterogeneity
Figure 8.3. Cord insulin in SGA vs. AGA in studies used RIA
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Homogeneity was achieved by subgroup analysis of the studies used RIA without changing the result of the primary analysis.
Figure 8.4. The cord leptin in SGA vs. AGA in studies used RIA
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The studies used IRMA remained heterogeneous without changing the result of the initial analysis
Figure 8.5. The cord leptin in SGA vs. AGA in studies used IRMA
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Forest plot of the studies used IRMA shows the same result as the primary analysis and the studies remained heterogeneous
Figure 8.6. The maternal leptin in SGS vs. AGA using IRMA
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Subgroup analysis of the studies used RIA did not affect the result of the initial analysis or the heterogeneity.
Figure 8.7. The maternal leptin in SGS vs. AGA in studies used RIA
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Figure 9. The mean and 95% CI of cord insulin for the normal background population

Figures 10.1- 10.3: Subgroup analyses according to the background population
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Figure 10.1.

The cord insulin in LGA vs. AGA according to background population
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Subgroup analyses of the studies comparing cord insulin between babies with AGA and SGA and LGA babies according to population background over-

came the heterogeneity without affecting the direction of the initial analyses

Figure 10.2. The cord insulin SGA vs. AGA according to background population

Reiew.  Lord epfin 54 [oord ke bacigroend o)

Comparisot. 11 Cordleptin S84

Debome 1 CordlepmSBA

Sy A MG WD frasdon) et WA irandon
by (] Weas 50 (] Weas 50 %0 % =50
Shethawat P 15 5.DII5.2¢] 113 £.10(3.50] . D90 [-1.&6, 3.4g]
WararigaLh FE R VI 1) 100 5549 WM -L5 [-1.16, -0.M]
Wiz L 19 3.5301.4%) k] 5.53(2.36) L ) -£.05 [-3.43, -0.67]
Grisaru Granovely 5 B £.BIL.T0) u 7.10[1.50] T -3 [-3.35, -1.35]
Wariene U B 35BN i 7.000137.80 007 -EBD [225, 16.50)
Tobal (5% 00) 157 m 10000 -1.B4 [-Z.66, -1.03]
T for betemgenety: (17 = 5.15, 8 =4 (P = 1.27), F= 23.0%

Testfor eweralefiect 2= £.43 (P < (L00001)

E T
ABA SBA

Subgroup analysis according to the population background overcame the heterogeneity without affecting the result of the initial analysis
Figure 10.3. The cord leptin in SGA vs. AGA according to background population

Legend of the forest plots

1-The horizontal line represents the 95% confidence in-
terval (CI) of the WMD observed in that study.

2-The square (m) in the middle of the CI represents the
single best estimate of the WMD found by that study.

3-The diamond (#) represents the pooled or combined
results of the meta-analysis, the width of the diamond
represents the CI for the pooled data.

4-The vertical line indicates no effect.
Legend of the mean and 95% confidence interval of cord
insulin for the normal background population

1-The vertical line Y axis represents the studies excluded
in the sensitivity analysis.

2- 95% confidence interval with low and high value

3- The dot represents the mean of the individual study

5.1. Summary of the findings

5.1.1. Leptin
Eight studies comparing cord leptin between LGA and

AGA babies were homogeneous despite the use of different
assays and the population diversity. The meta-analysis con-
firmed significantly higher cord leptin levels in LGA than
AGA babies. At the other end of the growth spectrum, the
meta-analysis of nine studies showed a significantly lower
cord leptin in SGA compared to AGA babies and this was
previously reported[48]. This proves a linear relationship
between fetal growth and/or adiposity and fetal leptin levels.
The meta-analyses showed no significant difference between
mothers of AGA babies and those with LGA or SGA.
However, it was difficult to be categorical about any rela-
tionship between maternal leptin and fetal birth weight or
fetal adiposity because of the small number of included
studies.

5.1.2. Insulin

Insulin has a strong adipogenic effect, as evident from the
studies in mothers with gestational diabetes, leading to
macrosomia[49]. However, some studies have denied that
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fetal insulin is correlated with birth weight in non-diabetic
mothers[34, 50]. This meta-analysis showed higher insulin
levels in the cord blood of LGA than AGA babies and no
difference at the other end of the growth scale. This denies a
linear relationship between insulin and fetal growth sug-
gesting that the role insulin plays in fetal growth is primarily
to signal nutrient availability and its levels correlate with the
size of the transplacental nutrient transfer[44], thus aiding
fetal adiposity rather than linear growth. Therefore, it is
unlikely that insulin plays a significant role, if any, in the
pathogenesis of IUGR.

Piecing the findings of these meta-analyses together, LGA
babies had statistically significant higher cord serum insulin
and leptin levels than AGA babies while SGA babies had
significantly lower cord leptin but similar insulin levels
compared to AGA ones. Accordingly, the lack of linearity in
the relationship between insulin and fetal birth weight and
the presence of such linearity between leptin and birth
weight throughout the birth weight scale suggests that both
insulin and leptin have different roles to play in fetal growth.
Besides being a marker of mature adipocytes, leptin may
influence linear growth more than insulin. It should be
mentioned that a relationship does exist between leptin and
insulin levels[26, 30, 32, 46] that is explained on the grounds
that insulin stimulates leptin secretion[5]. However, given
the findings of this review it is likely that the relationship
between insulin and leptin in LGA babies is fortuitous rather
than functional.

5.2. Heterogeneity

The presence of heterogeneity in some of these
meta-analyses may reduce the impact of the findings. The
observed heterogeneity can be explained by the presence of
clinical and methodological as well as populations’ diversity
in the included studies. However, it has been established that
the encountered heterogeneity was likely to be due to natural
population differences.

The difference in insulin resistance between different
ethnic groups has been reported during intrauterine life as
well as in adults[51-52]. In support of this, the difference in
cord insulin and c-peptide has been reported among different
ethnic groups[41-42]. Furthermore, cord insulin levels have
been reported to be affected by the mode of delivery[53]
which adds another source of heterogeneity. The difference
in sensitivity of used assays is a likely source of heteroge-
neity; nonetheless, the subgroup analyses according to the
assay technique yielded inconsistent results, thus weakening
its influence as a source of heterogeneity. However, the
presence of heterogeneity was not invariable as evident from
the studies that compared the cord leptin between LGA and
AGA babies despite the used of different assay methods. The
definition which is likely to vary in the SGA group is another
source of heterogeneity that can be difficult to overcome.

5.3. Strengths and Limitations

The strength of this review lies in the comprehensive lit-
erature search, and the strict inclusion and exclusion criteria

to ensure the quality of the studies included in the review. All
comparative studies were searched without applying study
design restriction in literature retrieval, thus allowing capture
of almost all related studies. The review protocol was de-
veloped before the start of the study to minimize selection
bias. To minimize reviewer bias study selection, data ex-
traction and the quality of each study was assessed inde-
pendently by the two reviewers and in cases of disagree-
ments consensus was reached through panel discussion be-
tween the reviewers.

Although only the studies that stated clearly the pattern of
fetal growth were included, different studies gave different
thresholds for definitions of SGA and LGA. Another prob-
lem was that some studies did not specify clearly if the low
birth weight babies were normal constitutionally small ba-
bies or suffered from IUGR. Leptin and insulin secretions
follow a circadian rhythm[54-55]. The included studies
collected the blood samples from non-fasting participants at
all times during the day and this could also represent a source
of in-between studies heterogeneity and should be consid-
ered in future research.

5.4. Guidelines for Future Research

Standardized threshold of different growth patterns need
to be used in future trails to be able to compare outcomes of
different studies. In future similar research projects, all pos-
sible fetal anthropometric measures should be taken into
account, as a baby’s birth weight alone lacks enough sensi-
tivity to address the roles of the different growth factors,
especially with regard to linear growth.

6. Conclusions

Fetal insulin and leptin play different roles in fetal growth
at either end of the growth spectrum. Although both reflect
the degree of adiposity, leptin is likely to have potential
growth factor properties that may influence linear growth.
Based on our findings, maternal leptin seems to play an
insignificant role in fetal growth regulation. LGA babies
tend to have higher insulin that is likely to be due to higher
levels of nutrient transfer. Further studies are needed to
confirm whether maternal insulin is also implicated. Any
association found in this review may inform the design of
future studies.
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