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1 | INTRODUCTION

Abstract

The aim of this systematic review and meta-analysis of observational studies was to assess the
relationship between elevated iron status, measured as hemoglobin and ferritin levels, and the
risk of gestational diabetes mellitus (GDM). The present study was recorded in PROSPERO
(2013:CRD42013005717). The selected studies were identified through a systematic review of
scientific literature published in The Cochrane Library and PubMed/MEDLINE databases from
their inception until March 10, 2016, in addition to citation tracking and hand-searches. The
search strategy of original articles combined several terms for hemoglobin, ferritin, pregnancy,
and GDM. OR and 95% ClI of the selected studies were used to identify associations between
hemoglobin and/or ferritin levels with the risk of GDM. Summary estimates were calculated by
combining inverse-variance using fixed-effects model. 2468 abstracts were initially found during
the search. Of these, 11 with hemoglobin and/or ferritin data were selected for the meta-
analyses. We observed that high hemoglobin (OR = 1.52; 95% CI: 1.23-1.88), as well as ferritin
(OR = 2.09; 95% Cl: 1.48-2.96) levels were linked to an increased risk of GDM. Low heterogene-
ity was observed in hemoglobin (12 = 33.3%, P = 0.151) and ferritin (1> = 0.7%, P = 0.418) meta-
analyses, respectively. Publication bias was not appreciated. High hemoglobin or ferritin levels
increase the risk of GDM by more than 50% and more than double, respectively, in the first
and third trimester. Therefore, determining of hemoglobin or ferritin concentration in early preg-
nancy might be a useful tool for recognizing pregnant women at risk of GDM.
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et al. 2014; Vrachnis et al. 2012). Therefore, early detection of the risk

of developing GDM would be of great importance for its prevention

Gestational diabetes mellitus (GDM) is a significant and growing prob-
lem in healthcare worldwide, traditionally defined as glucose intoler-
ance with onset or first recognition during pregnancy (American
Diabetes Association 2013). GDM has been estimated to affect around
1-14% of all pregnant women, depending on the diagnostic test
employed and the population studied (American Diabetes Association
2013), being higher in Asian population (Chawla et al. 2006; Ferrara
et al. 2004). GDM is linked to an increased risk of macrosomia, neona-
tal hypoglycemia, preterm birth, or neonatal hyperbilirubinemia, as well
as the mother having a higher risk of preeclampsia, dystocia (Metzger
et al. 2008) and long-term complications such as type 2 diabetes

mellitus (Bellamy et al. 2009) and cardiovascular disease (Gunderson

and the health consequences associated with it. However, most guide-
lines and recommendations for the detection of GDM suggest screen-
ing for GDM at 24-28 weeks of gestation, because current evidence is
not sufficient for advising it before 24 weeks of gestation in asymp-
tomatic pregnant (Webber et al. 2015; Moyer 2014; Thompson et al.
2013; American College of Obstetricians and Gynecologists 2013;
Blumer et al. 2013).

Advanced maternal age, pre-pregnancy overweight and obesity,
previous history of GDM, and family history of diabetes mellitus are
known risk factors for GDM (Ben-Haroush et al. 2004). In recent years,
elevated iron status during pregnancy has been suspected to contrib-
ute to the development of GDM (Lao et al. 2001), but results are
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conflicting. Studies on Chinese (Lao et al. 2001) Malaysian (Tan et al.
2011) and Iranian (Islam et al. 2012) populations have reported that
high levels of hemoglobin increase the risk of GDM, but studies on
American (Chen et al. 2006) and other Iranian (Behboudi-Gandevani
et al. 2013) populations did not find this relationship. Furthermore,
recent meta-analyses showed significantly higher levels of ferritin in
women with GDM compared to women without this metabolic disor-
der (Khambalia et al. 2015; Fu et al. 2016). A correlation between
ferritin concentrations and the oral glucose tolerance test (OGTT) of
2-hours glucose value has also been reported in pregnant women (Zein
et al. 2015; Islam et al. 2012; Lao et al. 2001). However, few studies
have been conducted to assess the association between high ferritin
levels during pregnancy and the risk of GDM, and their results are
inconclusive (Sharifi et al. 2010; Chen et al. 2006). These findings
might be due on the effect of iron excess on increased oxidative stress
(Aranda et al. 2016), which in turn has been associated with the risk of
GDM (Qiu et al. 2011) and several key events related to glucose
metabolism disorders, such as insulin resistance and B-cell dysfunction
(Ferndndez-Real et al. 2002).

The hypothesis that iron excess increases the risk of GDM
prompted this systematic review and meta-analysis of observational
studies to evaluate the association between elevated iron status,

measured as hemoglobin and ferritin levels, and the risk of GDM.

2 | MATERIALS AND METHODS

This study has been PROSPERO  (2013:
CRD42013005717), an international database of prospectively
registered systematic reviews in health and social care:

(http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42013005717).

recorded in

2.1 | Literature search

The completion and submission of this systematic review and meta-
analysis followed the MOQOSE criteria (Stroup et al. 2000) statement.
The studies selected were identified through a systematic review of
scientific literature published in The Cochrane Library (http://www.
thecochranelibrary.com) and PubMed/MEDLINE databases (http://
www.ncbi.nlm.nih.gov/pubmed) up to March 10, 2016. The strategy
for search original articles combined several terms for hemoglobin

Key messages

and ferritin (“iron” OR “ferritin” OR “hemoglobin” OR “haemoglobin”
OR “anemia” OR ‘“anaemia” OR ‘“hemoconcentration” OR
“haemoconcentration” OR (“Iron” [Mesh]) OR (“Ferritins” [Mesh]) OR
(“Hemoglobins” [Mesh]) OR (“Anemia” [Mesh])), for pregnancy
(“pregnancy” OR “pregnant” OR gesta* OR (“Pregnancy” [Mesh])) and
for GDM (“gestational diabetes” OR “diabetes mellitus” OR “O'sullivan”
OR glycem* OR ‘“insulin” OR “glucose” OR “hemoglobin Alc” OR
“HbA1lc” OR (“Diabetes, Gestational” [Mesh])). Case
comments, editorials, letters, reviews, systematic reviews, and meta-

reports,

analysis were excluded. Additional articles were identified after

citation tracking and a manual search.

2.2 | Study selection

Studies were selected if they met the following inclusion criteria: (a)
they contained original data from observational studies (cohort,
case-control and cross-sectional); (b) they were conducted on preg-
nant women of any age; (c) participants were free of pre-pregnancy
diabetes (type 1 or 2 diabetes), inflammatory and/or infectious dis-
eases; and (d) OR and 95% Cl were reported for the association of
the higher quantile of hemoglobin and/or ferritin with the risk of GDM.

The Title and the Abstract of the studies was filtered first
(Figure 1). Potentially relevant articles for the systematic review and
meta-analysis were selected for full exploration, which was carried
out independently by two investigators (JCFC and NA).

From each article selected, we extracted information about its
characteristics, such as author, publication year, geographical location,
race/ethnicity, age of participants, study design, sample size, number
of women with GDM, ascertainment of GDM criteria, trimester in
which hemoglobin and/or ferritin was collected, the laboratory tech-
nigue used to determine hemoglobin and/or ferritin, and its concentra-
tions (Tables 1 and 2). If any of the data was missing, the authors were
contacted for additional data. Furthermore, the quality of publications
was evaluated using the STROBE Statement (von Elm et al. 2008).

To identify associations between hemoglobin and/or ferritin levels
with risk of GDM, OR and 95% CI of the selected studies were used.
These OR were log-transformed (In) to normalize its distribution. The
95% Cl of each study was used to calculate the SE. Summary estimates
were calculated by combining inverse-variance using fixed-effects
model based on a common true effect from selected studies
(Nikolakopoulou et al. 2014).

o First systematic review and meta-analysis to-date that assess the effect of high hemoglobin levels on the risk of gestational diabetes

mellitus.

e Determining hemoglobin or ferritin in early pregnancy might be useful for identifying the pregnant women at risk of developing

gestational diabetes mellitus.

e From a public health point of view, these simple and routine tests would contribute to the prevention and early detection, thus

reducing its undesirable effects on both mother and child.

e Further research is needed in order to assess the influence of the stage of pregnancy on these relationships.


http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42013005717
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42013005717
http://www.thecochranelibrary.com
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FERNANDEZ-CAO T AL.

2468 Citations identified from
PubMed and Cochrane
databases

\ 4

WILEY]

323 Study type 1 or 2 diabetes mellitus

€12400 (3 of 12)

2362 Citations excluded based on
screening of titles or abstracts using
general criteria:

1878 Not evaluate the association

154 Animal studies
7 Duplicate study

106 Potentially relevant articles
identified for further full-text
review

< [

\

1 Article identified from manual screening

96 Articles excluded based on full-text

53 Not data of haemoglobin of ferritin in

27 Data not suitable for meta-analysis

screening by inclusion criteria

relation to GDM
16 Other outcome variable

11 Articles in meta-analysis
with haemoglobin and/or ferritin
data in relation to GDM

FIGURE 1 Flowchart of study search and selection

2.3 | Statistic methods

Forest plots were created to visualize individual and summary esti-
mates (Figures 2 and 3). The Cochran test and the I? statistic (percent-
age of variation attributable to heterogeneity) were used to assess
between-study heterogeneity (Huedo-Medina et al. 2006). A P-value
< 0.1 or I? > 50% was considered a measured of high heterogeneity
(Higgins et al. 2003). Potential sources of heterogeneity in both
meta-analyses were explored by multivariate meta-regressions and
stratified analysis, including geographic area, eastern vs. western;
study design, longitudinal vs. cross-sectional; ascertainment of GDM,
Carpenter-Coustan, WHO, IADPSG; trimester in which hemoglobin
and/or ferritin were determined, first, second, or third; age of the par-
ticipants, <30 vs. 230 years; adjusted vs. nonadjusted models by body
mass index (BMI) and age of mother, adjusted vs. nonadjusted models
by C-reactive protein (CRP) and anemic women included vs. excluded
(Table 3). Moreover, univariate meta-regressions were used to assess
these and other variables, such as ethnicity/race, sample size or coun-
try, and study quality (Table S1), according to the STROBE Statement
(von Elm et al. 2008) as a source of heterogeneity. Potential publica-
tion bias was assessed by Egger's test and visualized through the
Begg's funnel plot (Egger et al. 1997). Also, sensitivity analyses were
made to assess the robustness of our results by evaluating whether
they could have been markedly affected by a single study. Statistical
significance was set at P < 0.05. All analyses were made using STATA
statistical software (Version 12.0. STATA Corp., College Station, Texas,
USA). Conversion factor for hemoglobin: 1 g/dL = 0.62 mmol/L.

3 | RESULTS

The flow diagram of data extraction is shown in Figure 1. From 2,468
initial publications found, we selected 11 for both meta-analyses. Pre-

viously unpublished data from four studies was used in meta-analyses

(Pan et al. 2013; Helin et al. 2012; Verhaeghe et al. 2012; Balaji et al.
2007), and additional data from another five studies were requested
from the authors (Khambalia et al. 2015; Zein et al. 2015; Soh et al.
2014; 20th International Congress of Nutrition: Granada, Spain,
2013; Behboudi-Gandevani et al. 2013; Sharifi et al. 2010). The quality
of publications (Table S1) was moderate to high, complying with the
69-96% of the STROBE Statement (von Elm et al. 2008), except the
high quality GUSTO cohort study (Soh et al. 2014), whose data was
collected from a scientific conference presentation performed by Pang
et al. (PO2034; 20th International Congress of Nutrition: Granada,
Spain, 2013).

Three studies selected for the meta-analysis of hemoglobin
(Table 1) were carried out in western countries (USA (Chen et al.
2006), Finland (Helin et al. 2012) and Belgium (Verhaeghe et al.
2012) and six in eastern countries (China (Pan et al. 2013; Lao
et al. 2002), India (Balaji et al. 2007), Lebanon (Zein et al. 2015),
and Iran (Behboudi-Gandevani et al. 2013; Sharifi et al. 2010).
Seven studies were of a longitudinal design (Zein et al. 2015;
Behboudi-Gandevani et al. 2013; Helin et al. 2012; Sharifi et al.
2010; Balaji et al. 2007; Chen et al. 2006; Lao et al. 2002) and
two cross-sectional (Pan et al. 2013; Verhaeghe et al. 2012). One
of the latter two studies was of a prospective design (Verhaeghe
et al. 2012), but the analyses of hemoglobin and the GDM ascer-
tainment were made at the same moment, so we included it in
the cross-sectional studies group. The number of participants
ranged between 104 and 1,456, with a total number of 5,185
subjects. Of those, 792 developed GDM (14.4%). The studies
selected for the meta-analysis of ferritin (Table 2) were carried
out in the USA (Chen et al. 2006), Iran (Sharifi et al. 2010),
Singapore by Pang et al. (Soh et al. 2014; 20th International
2013)
(Khambalia et al. 2015), and samples also had great ethnic diversity.
The number of subjects ranged from 104 to 3,776 and the total

Congress of Nutrition: Granada, Spain, and Australia
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Study odds %
ID ratio (95% Cl) Weight

i
Lao et al., 2002 (China) — 1.73 (1.08,2.78) 20.04
Chen et al., 2006 (USA) —*——%— 0.81(0.36, 1.82) 6.87
Balaji et al., 2007 (India) i—o— 2.42 (1.43,4.10) 16.17
Sharifi et al., 2010 (Iran) -%—*-— 3.05(1.39,6.69) 7.27

i
Helin et al., 2012 (Finland) —_—t— 1.15 (0.52, 2.54) 7.12
Verhaeghe et al., 2012 (Belgium) i 1.67 (0.68, 4.09) 5.58
Behboudi-Gandevani et al, 2013 (Iran) ——OE— 1.37 (0.72,2.60) 10.79
Pan et al., 2013 (China) —*—5— 1.08 (0.70, 1.65) 24.71
Zein et al., 2015 (Lebanon) : 2.25(0.39, 13.12) 1.44
Overall (I-squared = 33.3%, p = 0.151) <> 1.52 (1.23, 1.88) 100.00

|

i

T T

3 1 14

FIGURE 2 Forest plot of overall risk of high versus low hemoglobin levels and the risk of GDM. Squares represent the odds ratio (OR) for each
study and the size of the square reflects the study-specific statistical weight. Horizontal lines indicate the 95% Cl of each study. Diamond
represents the combined OR estimate with corresponding 95% Cl. I-squared and P-value inform about heterogeneity among studies

Study %
ID odds ratio (95% Cl)  Weight
1
1
Chen et al., 2006 (USA) s 1.84 (0.95, 3.57) 27.30
1
1
Sharifi et al., 2010 (Iran) —_—— 2.95(1.19,7.29) 14.66
1
!
1
Pang et al., 2013 (Singapore, Chinese) T 1.52 (0.67, 3.44) 17.95
1
1
Pang et al., 2013 (Singapore, Malaysians) N 1.10 (0.19, 6.46) 3.83
1
1
Pang et al., 2013 (Singapore, Indians) i 16.00 (2.14, 119.42) 2.97
l
1
Zein et al., 2015; (Lebanon) X 1.33(0.23,7.71) 3.89
1
1
Khambalia et al.; 2015 (Australia) —_— 2.27 (1.20, 4.30) 29.39
1
Overall (I-squared = 0.7%, p = 0.418) <> 2.09 (1.48, 2.96) 100.00
1
1
1
1
1
1
T ! T
2 1 120

FIGURE 3 Forest plot of overall risk of high versus low ferritin levels and the risk of GDM. Squares represent the odds ratio (OR) for each study
and the size of the square reflects the study-specific statistical weight. Horizontal lines indicate the 95% CI of each study. Diamond represents the
combined OR estimate with corresponding 95% CI. I-squared and P-value inform about heterogeneity among studies

number of participants was 5,904, with a percentage of GDM of but one study conducted by Pang et al. assessed the ferritin levels and
4.6%. All studies were of a longitudinal design (Khambalia et al.
2015; Zein et al. 2015; Soh et al. 2014; 20th International Congress of

Nutrition: Granada, Spain, 2013; Sharifi et al. 2010; Chen et al. 2006),

the GDM ascertainment at the same moment, so we classified it as a
cross-sectional study (Soh et al. 2014; 20th International Congress of
Nutrition: Granada, Spain, 2013).
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TABLE 3 Stratified analysis of the relationship between hemoglobin and ferritin and the risk of GDM

Stratified analysis for ferritin studies

Heterogeneity

Multivariate meta-regression

Univariate meta-regression

Studies
Subgroup (n) OR (95% ClI) P-value 12 (%) P-value P-value
Geographic area 0.898 0.254
Eastern 1.64 (1.29-2.07) 0.119 42.9%
Western 3 1.13(0.70-1.82) 0.500 0.0%
Design 0.833 0.303
Longitudinal 1.71 (1.33-2.21) 0.199 30.0%
Cross-sectional 2 1.17 (0.79-1.71) 0.384 0.0%
Collecting hemoglobin 0.904 0.220
1° Trimester 8 1.58 (1.07-2.35) 0.634 0.0%
2° Trimester 2 1.11 (0.67-1.84) 0.321 0.0%
3° Trimester 8 1.40 (0.99-1.98) 0.067 63.0%
Mixed (50.3% 1st trimester) 1 2.42 (1.43-4.10) — —
GDM ascertainment 0.847 0.077
Carpenter-Coustan 5 1.45 (1.02-2.04) 0.207 32.2%
WHO 2.01 (1.41-2.86) 0.352 0.0%
IADPSG 1.12 (0.74-1.69) 0.424 0.0%
Anemia 0.820 0.198
Anemic women included 6 1.36 (1.06-1.75) 0.172 35.3%
Anemic women excluded 3 2.02 (1.36-3.00) 0476 0.0%
Adjusted for age and BMI 0.824 0.907
Adjusted 1.54 (1.15-2.06) 0.268 22.0%
Unadjusted 3 1.50 (1.10-2.05) 0.061 64.2%
Adjusted for CRP 0.699 0.157
Adjusted 3.05 (1.39-6.69) - -
Unadjusted 1.44 (1.16-1.80) 0.270 20.1%
Age 0.385 0.229
<30 years 1.43 (1.14-1.79) 0.194 30.7%
230 years 2.35 (1.30-4.24) 0.322 0.0%
Study quality 0.824 0.166
<75% 242 (1.43-4.10) - -
275% 8 1.39 (1.11-1.76) 0.294 17.3%

Stratified analysis for ferritin studies

Geographic area 0.931 0.912
Eastern 2.15(1.27-3.64) 0.212 31.3%
Western 2.05 (1.29-3.25) 0.655 0.0%
Design 0.814 0.806
Longitudinal 2.15 (1.44-3.21) 0.802 0.0%
Cross-sectional 3 1.92 (0.96-3.85) 0.083 59.7%
Collecting ferritin 0.697 0.897
1° Trimester 2 2.13(1.17-3.89) 0.576 0.0%
2° Trimester 1.84 (0.95-3.57) - -
3° Trimester 4 2.25(1.30-3.91) 0.138 45.6%
GDM ascertainment 0.771 0.959
Carpenter-Coustan 2 2.17 (1.27-3.71) 0.410 0.0%
WHO 4 1.83 (0.96-3.49) 0.164 41.3%
Undefined (clinician) 2.27 (1.20-4.30) — —
Anemia 0.814 0.677
Anemic women included 5 2.01 (1.37-2.95) 0.286 23.0%

(Continues)
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TABLE 3 (Continued)

Stratified analysis for ferritin studies

Heterogeneity

Multivariate meta-regression

Univariate meta-regression

Studies
Subgroup (n) OR (95% ClI) P-value 12 (%) P-value P-value
Anemic women excluded 2 2.50 (1.12-5.58) 0.430 0.0%
Adjusted for age and BMI 0.771 0.796
Adjusted 2.02 (1.34-3.06) 0.311 16.0%
Unadjusted 2.27 (1.20-4.30) — —
Adjusted for CRP 0.814 0.450
Adjusted 2.48 (1.47-4.18) 0.643 0.0%
Unadjusted 1.83 (1.15-2.91) 0.276 21.7%
Age 0.814 0.450
<30 years 1.83 (1.15-2.91) 0.276 21.7%
230 years 2.48 (1.47-4.18) 0.643 0.0%
Ferritin determination 0.931 0.773
IRMA 2 217 (1.27-3.71) 0.410 0.0%
ELISA 4 2.10(1.31-3.7) 0.165 41.1%
Chemiluminescence 1 1.33 (0.23-7.71) — —

BMI = body mass index; CRP = C-reactive protein; ELISA = Enzyme-Linked ImmunoSorbent Assay; IADPSG = International Association of Diabetes and

Pregnancy Study Groups; IRMA = ImmunoRadioMetric Assay; WHO = World Health Organization.

After conducting two meta-analyses with data from 11 studies, we
observed that elevated hemoglobin or ferritin levels increased risk of
GDM (Figures 2 and 3). The combined ORs of the risk of GDM
comparing the highest quantile with the lowest were 1.52 (95% CI:
1.23-1.88) for hemoglobin and 2.09 (95% Cl: 1.48-2.96) for ferritin.
A stratified analysis based on where the studies were conducted,
showed that the association remained significant in eastern countries
for hemoglobin, OR = 1.64 (95% Cl: 1.29-2.40), and for ferritin,
OR = 2.15 (95% CI: 1.27-3.64). Meanwhile, in western countries, the
association was evident for ferritin, OR = 2.05 (95% Cl: 1.29-3.25),
but not for hemoglobin, although a trend was observed, OR = 1.13
(95% Cl: 0.70-1.82). Furthermore, when we stratified the analyses
by the trimester of pregnancy in which hemoglobin and ferritin were
measured, we observed association in the first trimester for both bio-
markers, and in the third trimester for ferritin but not for hemoglobin,
although a trend was observed (Figures 4 and 5).

A low and a very low level of heterogeneity were observed in
both hemoglobin (> = 33.3%, P = 0.151) and ferritin (> = 0.7%,
P = 0.418) meta-analyses, respectively. According to Egger's test and
the funnel plot, publication bias was unlikely in the hemoglobin
(P =0.739) or in the ferritin (P = 0.601) meta-analyses. In a sensitivity
analysis, the overall results were not affected substantially, conserving
the associations between hemoglobin or ferritin and risk of GDM regard-
less of the excluded study. It ranged between 1.39 (95% Cl: 1.11-1.76)
after removing the study of Lao et al. (Lao et al. 2002) and 1.71 (95% Cl:
1.34-2.18), after excluding the study of Verhaeghe et al. (Verhaeghe
etal. 2012). Sensitivity analysis in the ferritin meta-analysis showed that
the combined result ranged between 1.97 (95% Cl: 1.38-2.80),
after removing the data of the Indian population, and 2.24 (95% Cl:
1.53-3.29) after removing the data of the Chinese population, both
from the GUSTO cohort study conducted by Pang et al (Soh et al,,
2014; 20th International Congress of Nutrition: Granada, Spain, 2013).

4 | DISCUSSION

This systematic review and meta-analysis provides evidence that ele-
vated iron status is positively associated with the risk of developing
GDM. Thus, we observed that high hemoglobin and ferritin levels
increase the risk of GMD by more than 50% and more than twofold,
respectively, found in the first and third trimester of pregnancy.

A robust search strategy was conducted in the present systematic
review and meta-analysis. The quality of the selected studies
(Khambalia et al. 2015; Zein et al. 2015; Behboudi-Gandevani et al.
2013; Pan et al. 2013; Helin et al. 2012; Verhaeghe et al. 2012; Sharifi
et al. 2010; Balaji et al. 2007; Chen et al. 2006; Lao et al. 2002) was
moderate to high (Table S1), complying with between 69 and 96% of
the items of the STROBE Statement (von Elm et al. 2008). The MOOSE
guidelines (Stroup et al. 2000) were used to improve the presentation
and execution of our study. The wide geographical spread of the
selected studies and the race/ethnicity differences in participants of
both meta-analyses, give more validity to the results and allows extrap-
olation. Other strength of our results is the low heterogeneity in both
meta-analyses, which also contribute to the study validity. Standard
tests and visual inspection of funnel plots in both meta-analyses sug-
gest that there is little evidence for publication bias in our analyses.
In addition, the likelihood of publication bias may have been reduced
by the inclusion of unpublished results. Some limitations to our study
also need to be considered. First, the small number of results that were
included in both meta-analyses, nine on hemoglobin and seven on fer-
ritin. Furthermore, the levels of hemoglobin in the upper quantile were
different between selected studies, which may have introduced some
random misclassification and affected our estimates.

The overall results show associations between high hemoglobin as
well as ferritin levels and risk of GDM. Our meta-analysis with seven

results included of the relationship between ferritin and GDM is
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Study
ID

1st trimester
Lao et al., 2002 (China)
Helin et al., 2012 (Finland)

€12400 (9 of 12)

odds %
ratio (95% Cl)  Weight

1.73 (1.08, 2.78) 20.04
1.15 (0.52, 2.54) 7.12

Zein et al., 2015 (Lebanon)

—e 2.25(0.39, 13.12)1.44

Subtotal (I-squared = 0.0%, p = 0.634) <> 1.58 (1.07, 2.35) 28.61
1
1
2nd trimester |
Chen et al., 2006 (USA) —_— 0.81 (0.36, 1.82) 6.87
Behboudi-Gandevani et al, 2013 (Iran) —_— 1.37 (0.72, 2.60) 10.79
Subtotal (I-squared = 0.0%, p = 0.321) i 1.11 (0.67, 1.84) 17.66
I
1
3rd trimester |
1
Sharifi et al., 2010 (Iran) -_— 3.05 (1.39, 6.69) 7.27
1
Verhaeghe et al., 2012 (Belgium) ;: 1.67 (0.68, 4.09) 5.58
Pan et al., 2013 (China) —_— 1.08 (0.70, 1.65) 24.71

Subtotal (I-squared = 63.0%, p = 0.067)

Mixed (50.3% 1st trimester)
Balaji et al., 2007 (India)
Subtotal (I-squared =.%, p =.)

Heterogeneity between groups: p = 0.195
Overall (I-squared = 33.3%, p = 0.151)

1.40 (0.99, 1.98) 37.56

242 (1.43,4.10) 16.17
242 (1.43,4.10) 16.17

<> 1.52 (1.23, 1.88) 100.00

I
3

T
1 14

FIGURE 4 Forest plot of overall risk of high versus low hemoglobin levels and the risk of GDM according to the trimester of pregnancy. Squares
represent the odds ratio (OR) for each study and the size of the square reflects the study-specific statistical weight. Horizontal lines indicate the
95% Cl of each study. Diamond represents the combined OR estimate with corresponding 95% Cl. I-squared and P-value inform about

heterogeneity among studies

consistent with previous meta-analysis of four studies carried out by
Fu et al. (Fu et al. 2016), and provides more evidence supporting this
association. In addition, stratified analysis (Table 3), based on where
the studies were conducted, confirm a significant association between
ferritin and GDM in both eastern and western countries. Similar results
were observed by Fu et al. when they stratified their meta-analysis by
continents (Fu et al. 2016). Meanwhile, hemoglobin is also related to
GDM in eastern countries, but this relationship is not evident in west-
ern countries. It has been reported that hemoglobin concentrations are
lower in African populations than in white, East Asian and Hispanic
populations (Johnson-Spear & Yip 1994; Dallman et al. 1978). In our
meta-analysis, two multi-ethnic studies from western countries
(Verhaeghe et al. 2012; Chen et al. 2006) had included African subjects
in their samples. Therefore, the inclusion of these studies (Verhaeghe
etal. 2012; Chen et al. 2006) in the analysis may have affected the lack
of association found between high hemoglobin levels and risk of GDM
in western countries.

We have also considered for the first time the influence of the
trimester of pregnancy on the association between iron status and
the risk of GDM. Our results show that the associations between
both hemoglobin and ferritin and the risk of GDM are significant
when they are determined in the first trimester of pregnancy
(Figures 4 and 5). If these findings are confirmed, the determination

of hemoglobin or ferritin in early pregnancy, simple and routine

tests, might be useful to identify the pregnant women at risk of
developing GDM.

Our result regarding a relationship between hemoglobin and GDM
is consistent with other published studies (Mehrabian & Hosseini
2013; Nastaran & Nourossadat 2012; Alamolhoda et al. 2010), sug-
gesting that hemoglobin levels between 12.5-13.0 g/dL (Mehrabian
& Hosseini 2013; Nastaran & Nourossadat 2012; Lao et al. 2002) or
higher (Alamolhoda et al. 2010) in the first trimester increase the risk
of GDM. None of those studies assessed the relationship between
hemoglobin levels in the second or third trimester and the risk of
GDM, so it could be interesting to ascertain whether the trimester is
key to the association. In addition, recent studies conducted in
Australia by Khambalia et al. and in Lebanon by Zein et al. showed that
ferritin levels above 40 ng/mL in the first trimester were associated
with an increased risk of GDM (Zein et al. 2015; Khambalia et al. 2015).

Furthermore, we observed no significant association between
hemoglobin and ferritin from the second trimester and the risk of
GDM. To the best of our knowledge, only two studies, from the USA
(Chen et al. 2006) and Iran (Behboudi-Gandevani et al. 2013), both
included in our meta-analysis, assessed these relationships in the
second trimester, and neither of them found a significant association.
During the final stage of the first trimester, the hemodilution process
starts, which has a great dispersion in its intensity in pregnant women.

Women with an identical erythrocyte mass may have different levels
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Study
ID

1st trimester

%
odds ratio (95% CI) Weight

Zein et al., 2015; (Lebanon)
Khambalia et al.; 2015 (Australia)
Subtotal (l-squared = 0.0%, p = 0.576)

2nd trimester
Chen et al., 2006 (USA)
Subtotal (I-squared =.%,p=".)

3rd trimester
Sharifi et al., 2010 (Iran)
Pang et al., 2013 (Singapore, Chinese)

1.33(0.23,7.71) 3.89
2.27 (1.20, 4.30) 29.39
2.13(1.17, 3.89) 33.28

1.84(0.95,357)  27.30
1.84 (0.95,3.57)  27.30

2.95(1.19, 7.29) 14.66
1.52 (0.67, 3.44) 17.95

Pang et al., 2013 (Singapore, Malaysians)
Pang et al., 2013 (Singapore, Indians)
Subtotal (I-squared = 45.6%, p = 0.138)

Heterogeneity between groups: p = 0.898
Overall (l-squared = 0.7%, p = 0.418)

1.10(0.19,6.46)  3.83
* 16.00 (2.14, 119.42) 2.97
225(1.30,391)  39.42

2.09 (1.48, 2.96) 100.00

oo IForT
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FIGURE 5 Forest plot of overall risk of high versus low ferritin levels and the risk of GDM according to the trimester of pregnancy. Squares
represent the odds ratio (OR) for each study and the size of the square reflects the study-specific statistical weight. Horizontal lines indicate the
95% Cl of each study. Diamond represents the combined OR estimate with corresponding 95% Cl. I-squared and P-value inform about

heterogeneity among studies

of hemoglobin, varying up to 3.5 g/dL (Milman 2006), especially in the
second trimester of pregnancy. Therefore, the hemoglobin and ferritin
levels during second trimester of pregnancy would not reflect the real
iron status, and the relationships between these biomarkers and GDM
may be hidden.

Finally, we found an association between ferritin levels in the third
trimester of pregnancy and the risk of GDM. Similar results have been
noted in two case-control studies from Iran (Islam et al. 2012) and
Bangladesh (Amiri et al. 2013). Conversely, although no association is
observed between hemoglobin and GDM, a trend is detected
(OR = 1.40, 95% CI: 0.99-1.98). In addition to Sharifi et al. (Sharifi et al.
2010), another study conducted on a Malaysian population also found
association between levels of hemoglobin above 11.5 g/dL (Tan et al.
2011) and GDM, supporting the trend that we observed. Noteworthy,
that all the selected studies collected the blood samples to measure
hemoglobin and/or ferritin levels before or at least at the same
moment as the GDM was diagnosed. Therefore, no other risk factor
appearing after diagnosis might have affected the relationship
between these biomarkers and the risk of GDM.

In addition, we observed significant associations between hemo-
globin and ferritin levels and the risk of GDM when we stratified based
on whether the selected studies had included anemic women or not in
their analysis (Table 3). This may suggest that high iron status regarding
moderately, but also very low iron status, increases the risk of this met-
abolic disorder. In this respect, it has been observed that women with
anemia are associated with a lower prevalence of GDM based on low
iron stores (Lao & Ho 2004).

The influence of inflammation on biomarkers of iron status is well
established. However, some data provided from our results and from
the selected studies seem to support that hemoglobin and ferritin
reflect iron status. First, although both biomarkers, hemoglobin and
ferritin, have an opposite behavior with respect to inflammation, our
results showed a direct association between them and risk of GDM.
Also, when we stratified by studies that adjusted their regression
models for CRP, we found a significant relationship in all the sub-
groups. Finally, a nonsignificant correlation between ferritin and CRP
was observed in those selected studies that determined this bio-
marker. All these data support the hypothesis that elevated iron status
acts independently from the level of inflammation in the development
of GDM as concluded by Sharifi et al. (Sharifi et al. 2010).

An increasing body of evidence supports the theory that high iron
status, reflecting high hemoglobin and ferritin levels, might enhance
the development of glucose metabolism disorders such as type 2
diabetes mellitus (Arija et al. 2014) or GDM (Lao et al. 2002). Iron
excess may have a damaging effect on pancreatic -cells, because they
are predisposed to more accumulation of iron than other cells (Rahier
et al. 1987). In addition, B-cells have a poor antioxidant capacity,
making them particularly susceptible to oxidative damage, which
favors apoptosis and therefore an impaired insulin synthesis and
secretion (Lenzen 2008). Iron excess has also been related to an
increase in insulin resistance, and with B-cell dysfunction, two key
events in the development of diabetes (Fernandez-Real et al. 2002).
It is believed that insulin resistance is an ancestral mechanism that is

to some degree normal during pregnancy, by which glucose would be
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more available for priority tissues such as the placenta, responsible for
the development of the fetus (Fernandez-Real et al. 2002). However,
the excessive increase in insulin resistance during pregnancy inflicted
by a risk factor such as iron excess might lead to an increased risk of
GDM (Zhang et al. 2014).

5 | CONCLUSION

Data from this systematic review and meta-analysis of observational
studies suggests that elevated iron status in the first and third trimes-
ter is associated with an increased risk of GDM. Moreover, higher
hemoglobin or higher ferritin levels raise the risk of GDM by more than
50% and more than twofold, respectively. These findings may indicate
that the pathophysiological process related to the onset of GDM might
occur in early pregnancy. This could have broad implications to identify
pregnant women who are at risk of developing GDM.

Further studies are required to confirm these results, especially

taking into account different trimesters of pregnancy.
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