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Background. Free fatty acids, also known as nonesterified fatty acids, are proinflammatory molecules that induce insulin resistance
in nonpregnant individuals. Nevertheless, the concentration of these molecules has not been systematically addressed in pregnant
women. Objective. This meta-analysis is aimed at evaluating the difference in free fatty acid plasma levels between women with
gestational diabetes and healthy pregnant controls and their intrinsic and extrinsic determinants. Methods. We performed a
systematic search to find relevant studies published in English and Spanish using PubMed, SCOPUS, and ISI Web of
Knowledge. We included observational studies measuring the mean plasma levels of free fatty acids among gestational diabetes
and healthy pregnant women, with at least ten subjects being analyzed in each group. The standardized mean difference (SMD)
by random effects modeling was used. Heterogeneity was assessed using Cochran’s Q, H, and I2 statistics. Results. Among the
290 identified studies, twelve were selected for analysis. A total of 2426 women were included, from which 21% were diagnosed
as having gestational diabetes. There were significantly higher levels of free fatty acids among women with gestational diabetes
(SMD: 0.86; 0.54-1.18; p < 0 001) when compared to healthy pregnant controls and between-study heterogeneity (I2 = 91%). The
metaregression analysis showed that the gestational age at inclusion was the only cofactor influencing the mean levels of free
fatty acids, indicating a trend towards lower plasma levels of free fatty acids later in gestation (estimate: -0.074; -0.143 to -0.004;
p = 0 036). No significant publication bias was found nor a trend towards greater results in small studies. Conclusions. Women
with gestational diabetes have higher levels of free fatty acids when compared to healthy pregnant controls. More investigation
is needed to assess the potential role of free fatty acids in the prediction of gestational diabetes earlier in pregnancy.

Hindawi
Journal of Diabetes Research
Volume 2019, Article ID 7098470, 13 pages
https://doi.org/10.1155/2019/7098470

https://orcid.org/0000-0003-4711-3857
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/7098470


1. Introduction

Gestational diabetes is a common disorder characterized by
glucose impairment with first onset or recognition during
pregnancy [1]. It is considered an important contributor to
the morbidity of the mother and fetus, including hyperten-
sive disorders, cesarean section, macrosomia, newborn
hyperglycemia, shoulder dystocia, and stillbirth [1, 2].

Free fatty acids are lipids bound to albumin of mamma-
lian blood but are also termed NEFA (nonesterified fatty
acids). They are released from adipocytes after degradation
of tri-, di-, and monoacylglycerols [3]. As proinflammatory
molecules, free fatty acids induce insulin resistance in several
organs such as skeletal muscle, pancreas, gastrointestinal
organs, the liver, adipose tissue, and the hypothalamus [4],
by inhibiting the tyrosine phosphorylation of IRS-1 (insulin
receptor substrate-1) and reducing IRS-1-ssociated PI3K
(phosphatidyl-inositol 3-kinase) activity which is responsible
for transducing downstream insulin signals [5].

In nonpregnant individuals, plasma free fatty acids are
increased in metabolic syndrome, mainly due to an increase
in obesity as part of the diagnostic criteria [6]. In prediabetic
individuals, plasma free fatty acids inhibit insulin-mediated
glucose uptake, leading to further insulin resistance and type
2 diabetes [7]. Similarly, obese individuals have higher levels
of plasma free fatty acids but only 50% of them will lead to
failure in their compensatory mechanisms and therefore dia-
betes [6, 8]. Consequently, mean levels of free fatty acids are
also elevated in patients with type 2 diabetes mellitus due to
the same mechanisms as prediabetics and obese patients [9,
10]. Therefore, if free fatty acids are markers of insulin resis-
tance, concentrations of these molecules should differ among
women with gestational diabetes when compared to controls
and even among trimesters of gestation since insulin resis-
tance reaches its peak during the second trimester of preg-
nancy and decays as gestation advances [11].

The present systematic review and meta-analysis are
aimed at determining whether there are any differences in
the mean plasma levels of free fatty acids among women with
gestational diabetes compared to healthy pregnant controls
and the influence of gestational age at diagnosis, pregesta-
tional body mass index (BMI), fasting glucose, fasting insu-
lin, mean maternal age, and year of publication of the
studies, on the pooled results.

2. Methods

2.1. Protocol Registration. Before running the systematic
search and data extraction, the protocol was agreed between
authors and published in the PROSPERO international pro-
spective register of systematic reviews (registration number:
CRD42019124648).

2.2. Eligibility Criteria, Information Sources, and Search
Strategy. A systematic literature search was made using
PubMed, ISI Web of Science, and SCOPUS, to identify
relevant studies published in English and Spanish, without
time limit. The following keywords were used: (“fatty acids,
nonesterified”[MeSH Terms] OR (“fatty”[All Fields] AND
“acids”[All Fields] AND “nonesterified”[All Fields]) OR

“nonesterified fatty acids”[All Fields] OR (“free”[All Fields]
AND “fatty”[All Fields] AND “acids”[All Fields]) OR “free
fatty acids”[All Fields]) AND (“diabetes, gestational”[MeSH
Terms] OR (“diabetes”[All Fields] AND “gestational”[All
Fields]) OR “gestational diabetes”[All Fields] OR (“gesta-
tional”[All Fields] AND “diabetes”[All Fields])) AND
“humans”[MeSH Terms]. A manual search was also used
for additional potentially relevant studies. The first search
was run on December 15, 2017, and updated on March
5, 2019.

This systematic review was conducted adhering to the
meta-analysis of observational studies in epidemiology
(MOOSE) guidelines [12] and the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines for systematic reviews and meta-analysis [13], as
previously performed in similar meta-analysis [14]. Two
independent investigators evaluated the identified abstracts
(J.R.V.B. and M.A.A.), both blinded to authorship, authors’
institutional affiliation, and study results. In case of any dis-
agreement, a third investigator (R.J.M.P.) resolved it. After
the selection of abstracts that fulfilled the inclusion criteria,
a second full-text revision was made. For relevant studies
with missing information, corresponding or first authors
were contacted by e-mail to request the data. Annex 1 of
the supplemental material details the search strategy and
query syntaxes.

2.3. Study Selection Criteria. The following inclusion criteria
were used for article selection: observational studies measur-
ing the mean levels of free fatty acids among pregnant
women with and without gestational diabetes mellitus during
the second and third trimesters. We decided to exclude arti-
cles with no reported control group, studies measuring free
fatty acids in the first trimester only, and studies with less
than five patients in any of the included groups. Reasons
for excluding articles measuring free fatty acids in the first tri-
mester are due to the high probability that first trimester
cases are the result of a previous nondiagnosed type 2 diabe-
tes rather than normal pregnancy with gestational diabetes
alone.

2.4. Data Extraction and Quality Assessment. The following
information was derived on a datasheet based on Cochrane
Consumers and Communication Review Group’s data
extraction template: author, year of publication, country
where the study was conducted, study methodology, exclu-
sion and inclusion criteria, overall included patients, number
of participants with gestational diabetes, number of nondia-
betic pregnant women, free fatty acid fasting plasma levels,
fatty acid quantification method, mean maternal age at anal-
ysis, mean pregestational maternal body mass index (pBMI),
mean gestational age at measurement of free fatty acids, fast-
ing plasma glucose, fasting plasma insulin, and fasting gly-
cated hemoglobin (HbA1c).

2.5. Assessment of Risk of Bias. Two reviewers (R.J.M.P. and
R.R.P.) independently evaluated the quality of the selected
articles. The quality assessment of the observational studies
was carried out using the Newcastle-Ottawa scale for case-
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control studies. Each article was evaluated on three main
dimensions: selection of the study groups, the ascertainment
of the exposure, and the comparability of the groups. A star
was given for each signaling question among each dimension.
For a total of nine possible stars, studies with seven or more
stars were considered as high quality [15].

2.6. Statistical Analysis. Extracted results were pooled in the
meta-analysis. Data analysis was performed in the following
manner: mean levels of free fatty acids within the comparison
of gestational diabetes and nondiabetic pregnant controls.
The effect size was expressed as the standardized mean differ-
ence (SMD) by random effects model [16] defined as the
mean difference in mean outcome between groups divided
by the standard deviation of outcome among participants
[17]. Results were presented using Forest plots. Between-
study variability was assessed using the τ2, Cochran’s Q,
and I2 statistics [18]. A subgroup analysis was performed to
evaluate the SMD of free fatty acid plasma levels according
to the trimester of gestation. Multiple metaregressions were
also performed to assess the influence of several covariates

on the pooled SMD. The following covariates were used for
the metaregression: mean gestational age at analysis, mean
maternal age, body mass index, mean plasma levels of fasting
glucose, mean plasma levels of fasting insulin, and year of
publication. Publication bias was assessed by Egger method
and plotted as contour-enhanced funnel plots. Small-study
effects were assessed by cumulative forest plot [19, 20]. A sen-
sitivity analysis was performed on high-quality studies as
measured by the Newcastle-Ottawa scale. The statistical anal-
ysis was conducted using R studio v1.0.13 (The R Foundation
for Statistical Computing) (package “meta v4.2”) [21].

3. Results

3.1. Study Selection and Study Characteristics. A total of 290
studies were identified by database searching, with one addi-
tional study included manually. Of them, 17 studies were
eligible for full-text review. After review, twelve studies were
retained for the systematic review and meta-analysis.
Figure 1 depicts the flow diagram according to the PRISMA
recommendations.
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From the five excluded studies, reasons for exclusion
were as follows: two of them had no free fatty acid measure-
ments [22, 23]; in a different study, free fatty acids were mea-
sured in neonates [24]. One study had less than five patients
in one of the included arms [25], and the last study excluded
women with gestational diabetes [26]. Characteristics of the
included articles are listed in Table 1.

3.2. Risk of Bias of the Included Studies. Using the Newcastle-
Ottawa scale for study quality assessment in observational
studies, from a total of nine possible rating stars, only one
study had six stars [27], mainly due to a lack of representa-
tiveness of the cases, no explicit selection of the controls,
and lacking study controls for additional outcomes. Seven
studies were awarded eight stars [28–34], all of them due to
a lack of study controls for additional outcomes. The remain-
ing four studies [35–38] were awarded nine stars. Supple-
mental Table 1 shows the full Newcastle-Ottawa scale
assessment.

3.3. Synthesis of Results. A total of 2426 women were evalu-
ated in the twelve included studies. From these, 21%
(507/2426) had a diagnosis of having gestational diabetes.
The mean gestational age at inclusion was 30.3 weeks of ges-
tation (standard deviation (SD): 4); the majority of the
included patients were in the second trimester of pregnancy,
while the remaining 22% (527/2426) were in their third tri-
mester. The maternal characteristics were the following: the
mean maternal age was 29 years (SD 1.44), while the mean
pregestational body mass index was 25 kg/m2 (SD 2.9) as
measured in nine studies [28, 30–37]. The mean fasting
glucose was 94.4mg/dL (SD 22.7) as measured in seven
studies [27, 30, 31, 34–37]. The mean fasting insulin was
12.66 μIU/mL (SD 5.6) in seven studies [29–31, 34–37]. Only
four studies [32, 33, 35, 38] measured Hb1Ac showing a
mean of 4.9% (SD 0.5), while three studies [35, 37, 38] calcu-
lated the HOMA-IR, finding a mean index of 2.27 (SD 0.5).

3.4. Free Fatty Acids among Gestational Diabetes. Twelve
studies [27–38] had information about the mean levels of free
fatty acids in gestational diabetes and controls. The standard-
ized mean difference by random-effects modeling showed
higher levels of free fatty acids among women with gesta-
tional diabetes (SMD: 0.86; 95% CI: 0.54-1.18; p < 0 001).
Figure 2 shows the forest plot with the individual results
and the pooled estimates of free fatty acid plasma levels
among gestational diabetes and controls.

A Q value of 123.7 (p < 0 001) provides evidence that the
effect size varies across studies. I2 indicates that 91% of the
depicted variation can be attributed to true effect rather than
random error. A Baujat analysis showed that the majority of
the heterogeneity comes from the study of Zhang (2017).
Assessment of bias by contour-enhanced funnel plot
depicted asymmetry of results when comparing the stan-
dardized mean difference to the standard error (size) of each
study (Figure 3).

Nevertheless, when performing a linear regression to
quantify the amount of heterogeneity, no evidence of bias
was found by Egger’s test (bias: -4.059; slope: 1.842; p =

0 111). Cumulative analysis depicted no trend towards
greater effects in small studies (Figure 4).

A Copas selection model was performed to identify the
probability of unpublished studies due to small effects in
small studies, showing a 40% probability of unpublished
studies due to this situation. Nonetheless, this model also
showed that there is no unexplained study selection
(p = 0 242), which reduces the likelihood of selection bias.

3.5. Subgroup Analysis of Measured Free Fatty Acid Plasma
Levels according to the Trimester of Gestation.We performed
a subgroup analysis to explain the heterogeneity found
between studies and to compare the concentrations of free
fatty acid plasma levels among trimesters of gestation. Pooled
results showed higher plasma levels of free fatty acid among
women with gestational diabetes mellitus during the second
trimester of pregnancy (SMD: 1.05 vs. 0.75). Heterogeneity
was partially explained by subgroup analysis, finding lower
heterogeneity in studies measuring free fatty acid plasma
levels in the third trimester rather than the second trimester
(61% vs. 96%). Figure 5 shows the subgroup analysis accord-
ing to trimester of gestation.

3.6. Metaregression Analysis. A metaregression was per-
formed to identify the influence of several cofactors on the
pooled result when at least five studies reported the needed
information. From the evaluated variables, only the mean
gestational age at inclusion was found to influence the result
with a trend towards lower standardized mean difference
of free fatty acid plasma levels at a later gestational age
(estimate: -0.0741; 95% CI: -0.1436 to -0.0047; p = 0 036),
explaining 31% of the heterogeneity found among results
(Figure 6). For note, no significant changes were found on
the plasma levels of FFAwhen comparing those studies quan-
tifying FFA using a colorimetric procedure [30, 36] vs. those
using enzyme immunoassay [28, 29, 31, 34, 35, 37, 38] vs.
studies using both methods [32, 33] (QM= 4 224; p = 0 238).

Table 2 shows all calculations for the measured cofactors,
the explainable contribution of heterogeneity that each one
represents (R2), and the residual heterogeneity (I2).

4. Discussion

4.1. Main Findings. Free fatty acids have been proposed as a
marker of insulin resistance in nonpregnant individuals.
Higher plasma levels of these molecules have been found in
type 2 diabetes and obesity. This study shows that plasma
levels of free fatty acids are higher in women diagnosed with
gestational diabetes mellitus (SMD: 0.86; 0.54-1.18; p < 0 001
) and that this difference is higher during the second trimes-
ter of pregnancy (SMD: 1.05 vs. 0.75). The only extrinsic
determinant influencing these results was the gestational
age at which women were enrolled in each study, showing a
significant decrease in the standardized mean difference of
free fatty acid plasma levels as women were included at a later
gestational age. No other cofactors such as pregestational
BMI, fasting glucose, fasting insulin, or maternal age were
found to influence the pooled results.
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The reason for the elevation of free fatty acid plasma
levels in gestational diabetes in comparison to normal preg-
nancies has not been well elucidated. The proposed underly-
ing mechanism is a decrease in insulin secretion and insulin
resistance in skeletal muscle induced by free fatty acids,
resulting in an intramyocellular accumulation of diacylglyc-
erol, which activates the protein kinase C cascade causing a
reduction in the tyrosine phosphorylation of the insulin
receptor substrate 1 (IRS-1). This pathway induces the acti-
vation of the PI3Kase, an important enzyme for insulin-
stimulated glucose uptake [39]. Although similar abnormali-
ties have been found in obese women with gestational diabe-
tes [40, 41], no direct effects of FFA have been observed in the
muscle of pregnant woman.

Another hypothesis could be that healthy pregnant
women at 14-17 weeks of gestation, show an acute elevation
of free fatty acids due to insulin resistance and a decrease in
glucose oxidation in a dose-dependent manner [42]. Though
we cannot know whether first trimester elevation of free fatty

acids that contribute to the development of gestational diabe-
tes or the production of hyperglycemic placental molecules
such as tumor necrosis factor-α (TNF-α), resistin, and leptin
induces an increase on free fatty acids [43], animal studies
have shown that the intentional addition of free fatty acids
in pregnant rabbits induce insulin resistance, while their
reduction has the contrary effect [44, 45].

Differences of free fatty acids among trimester of gesta-
tion, being the lowest concentrations in the third trimester
and the highest in the second trimester, could be explained
by the pattern of insulin resistance that occurs during preg-
nancy. Insulin resistance reaches its peak during the second
trimester (24-28 weeks’ gestation) due to hormone-
placental-related mechanism, including an increase in pla-
cental lactogen as the main contributor for insulin resistance
[46]. The decrease of free fatty acid concentrations in the
third trimester also reflects the diminished insulin resistance
and the decrease in placental-related hormones responsible
for this [11].

Mean free fatty acids
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Figure 4
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4.2. Clinical Implications. If free fatty acid plasma levels were
to be elevated before pregnancy, during the first trimester
and through the gestation, and if we could measure it in a

longitudinal way in advance, the combination of a risk model
that includes maternal characteristics plus biochemical
parameters such as free fatty acid plasma levels, osteocalcin,

Study
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11
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fasting glucose, and fasting insulin could help improve the
prediction of this disease earlier in pregnancy [14]. The
importance of predicting a condition such as gestational dia-
betes in the first trimester is the possibility of an early inter-
vention that could lead to a reduction in the incidence of
diabetes later in gestation, along with the reduction in the
number of adverse perinatal outcomes such as cesarean sec-
tion and macrosomia.

4.3. Strengths and Limitations. There are several strengths in
this analysis. Firstly, an exhaustive search and a blinded peer
screening of all articles were performed to avoid potential
biases. Secondly, the extraction of important cofactors that
could be extrinsically or intrinsically affecting the results
was performed, allowing us to produce several calculations
such as subgroup analysis and metaregression to explain
the possible heterogeneity and the influence that these cofac-
tors have on the overall result. Finally, four types of test were
performed to assess potential biases: funnel plot assessment
to visually identify outliers, linear assessment for possible
publication bias by Egger test, the probability of unpublished
studies by Copas model, and the trend towards greater effect
in small studies by cumulative forest plot.

But as there were several strengths, there were also weak-
nesses. The most important is the heterogeneity found
among studies, which is very usual when performing stan-
dardized mean differences, telling us that results must be
interpreted with caution. And the last weakness is the lack
of studies measuring Hb1AC and HOMA-IR, which did
not allow us to evaluate the influence that these variables
had on the result.

4.4. Conclusions and Implications. Women with gestational
diabetes have higher free fatty acid plasma levels when com-
pared to healthy pregnant women. This difference is higher
earlier in pregnancy, and as the gestation advances, the con-
centration of free fatty acids in diabetic women also declines.
More research is needed to assess the performance of free
fatty acids for the prediction of gestational diabetes during
the first trimester of pregnancy.

Additional Points

Condensation. This meta-analysis provides evidence that
plasma free fatty acids are higher in women with gestational
diabetes mellitus when compared to healthy pregnant
women.
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