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A B S T R A C T

Aims: To compare the effects of metformin and insulin treatment onmaternal serum lipids

in patients with gestational diabetes (GDM), and to analyse the associations between indi-

vidual lipids and birth weight (BW).

Methods: This is a secondary analysis of a randomized trial comparing metformin (n = 110)

and insulin (n = 107) treatment of GDM. Fasting serum lipidome was measured at baseline

(the time of diagnosis, mean 30 gestational weeks, gw) and at 36 gw using nuclear magnetic

resonance spectroscopy.

Results: Total and VLDL triglycerides, and VLDL cholesterol increased from baseline to 36

gw in both treatment groups. The rise in triglycerides was greater in the metformin treated

patients (p < 0.01). Baseline total and VLDL triglycerides, VLDL cholesterol, and apolipopro-

tein B to A-1 ratio (apoB/apoA-1) associated positively with BW, more strongly in the met-

formin group. Among patients in the highest baseline VLDL cholesterol or apoB/apoA-1

quartile, those treated with insulin had lower BWs than those treated with metformin

(p < 0.03).

Conclusion: Compared to insulin, metformin treatment of GDM led to higher maternal

serum concentrations of triglyceride-rich lipoproteins. Especially triglycerides and choles-

terol in VLDL were positively associated with BW. Women with high VLDL cholesterol or

high apoB/apoA-1 may benefit from insulin treatment over metformin with respect to off-

spring BW.
� 2020 The Author(s). Published by Elsevier B.V. This is an open access articleunder theCCBY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Gestational diabetes mellitus (GDM) is a common disorder of

pregnancy, posing both the mother and the fetus in the risk of

adverse outcomes [1]. In addition to hyperglycemia, alter-

ations in the lipid profile in GDM have been observed [2–4].

Moreover, changes in the maternal lipid profile have been

related to fetal growth and adiposity [5–7].

Along insulin, metformin is used as a first line pharmaco-

logical treatment of GDM. Compared to insulin it is cheaper

and easier to administer. Metformin seems to be superior to

insulin also in terms of lower gestational weight gain

(GWG), decreased risk of gestational hypertension, neonatal

hypoglycemia, and need for neonatal intensive care [8]. On

the other hand, metformin crosses the placenta, and it may

cause increased growth in the offspring during the first dec-

ade of life [9].

The effect of metformin treatment on serum lipidome has

been investigated in non-pregnant subjects with type 2 dia-

betes. In this populationmetformin decreases LDL cholesterol

[10,11] and affects phospholipid species [10–12]. In the largest

trial comparing metformin and insulin in GDM (the MiG trial),

triglycerides (TG) increased more in metformin treated moth-

ers from baseline (mean 30 gestational weeks, gw) to 36 gw

[13]. This has caused concerns about the safety of metformin

use, as maternal TG may be associated with high birth weight

(BW) [5,13–15].

The main aim of this study was to compare the effects of

metformin and insulin treatment on serum lipidome in GDM

patients. The second aim was to examine the associations

between serum lipids and BW. To our knowledge there are

no previous studies comparing the effects of metformin and

insulin on detailed components of the serum lipidome in

GDM patients.

2. Subjects, materials and methods

This is a secondary analysis of a previous randomized trial

comparing metformin and insulin in the treatment of GDM

[16]. The study participants were recruited between June

2006 and December 2010 in Turku University Hospital, Turku,

Finland, on their first visit for management of GDM. The

study was approved by Ethics Committee of the Southwest

Hospital District of Finland, The Finnish National Agency of

Medicines and the European Union Drug Regulatory Agency

(EUDRA), and it is in accordance with the 1964 Helsinki Decla-

ration. The study is registered in Clinicaltrials.gov

(NCT01240785, http://clinicaltrials.gov/ct2/show/

NCT01240785) and all participants signed an informed

consent.

As described earlier in detail [16], women with GDM were

randomised to either metformin (n = 110) or insulin

(n = 107) by the physician using sealed envelopes. The original

trial was powered to prove non-inferiority in BW, as the pri-

mary outcome [16]. GDM diagnosis based on 75 g oral glucose

tolerance test (OGTT) was determined by Finnish national

criteria as described previously [16]. Inclusion criteria were
singleton pregnancy and the need for medical treatment of

hyperglycemia (during diet therapy fasting plasma

glucose � 5.5 mmol/L and/or 1 h post-prandial glucose � 7.8

mmol/L).

NPH insulin and/or rapid-acting insulin lispro or insulin

aspart were used. Metformin was started at 500 mg daily

and increased up to 2000 mg depending on the response (me-

dian final dose 1500 mg). In the metformin group, if glycemic

targets were not reached with metformin, additional insulin

was given (n = 23).

Venous blood samples were drawn after overnight fasting

at the time of randomization (baseline, mean 30 gw) and at 36

gw. Baseline C-peptide and HbA1c at both time points were

determined using routine laboratory methods. A targeted

metabolome of 66 serum lipid markers was analyzed using

a high-throughput nuclear magnetic resonance (NMR) spec-

troscopy protocol [17]. Serum samples were stored at �70 �C
prior to NMR-analyses.

GWG was based on self-reported pre-pregnancy weight

and last measured weight at maternity clinic. BW was mea-

sured in grams and converted into SD units (i.e. deviation

from Finnish general population mean adjusted for gw [18]).

As an indicator of large for gestational age (LGA) or small

for gestational age (SGA), BW > 90th and < 10th percentiles

were included.
2.1. Statistical analyses

The Mann-Whitney U test and the paired Wilcox signed rank

test were used for univariate comparisons of the metabolites

between groups, and within groups between the two time

points.

In multivariate analyses the metabolite data at baseline

and at 36 gw were scaled and centered and missing values

were imputed using k-nearest neighbour method prior to fur-

ther analyses. Partial least square (PLS) regression and PLS

discriminant analyses (PLS-DA) were performed to study the

associations between the whole lipidome and BW. Associa-

tions between single metabolites and BW were studied with

linear or logistic regression analyses. These regression analy-

ses were run unadjusted and adjusted for pre-pregnancy BMI,

GWG, and either baseline or 36 gw HbA1c. Regression coeffi-

cients for metformin and insulin groups separately at base-

line and 36 gw were calculated if the treatment group had a

significant interaction (p < 0.01) with the association between

the independent and outcome variable. 95% confidence inter-

vals for regression estimates were calculated using bootstrap-

ping. Birth weight centiles in patients treated with metformin

and insulin were also compared in groups stratified by base-

line lipid quartiles using the Mann-Whitney U test and

ANCOVA.

To control type I error amid multiple testing, p < 0.01 was

considered statistically significant. All statistical analyses

were performed in R statistics software (versions 3.3.2 and

3.6.1, http://cran.r-project.org) and ropls R package [19] was

used for PLS/PLS-DA analyses.

http://clinicaltrials.gov/ct2/show/NCT01240785
http://clinicaltrials.gov/ct2/show/NCT01240785
http://cran.r-project.org


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 0 ( 2 0 2 0 ) 1 0 8 4 5 6 3
3. Results

Clinical characteristics of the study population have been pre-

viously described in detail by Tertti et al. [16], and are given in

Table 1. Briefly, metformin and insulin groups did not differ in

maternal age, pre-pregnancy BMI, OGTT fasting glucose, 1 h

glucose or 2 h glucose, C-peptide, baseline HbA1c, 36 gw

HbA1c, or GWG. Absolute mean (metformin 3610 vs. insulin

3590 g) and adjusted BW (0.16 vs. 0.15 SD), alike incidence of

SGA (11.5% vs. 8.4%) or LGA (14.4% vs. 15.9%) were similar

between the groups. The rate of labour induction was more

frequent in the insulin group (54.2% vs. 38.0%, p = 0.024).

Due to rejection of individual measurements in NMR qual-

ity control, there were a few missing values at 36 gw (16 val-

ues in 6 mothers), but no missing values at baseline.

3.1. Changes in the serum lipidome

Maternal TG rose from baseline to 36 gw in both groups and in

all lipoprotein classes (Figs. 1 and 2). Compared to insulin

group this increase was significantly (p < 0.01) higher in

metformin group in total TG and TG in VLDL and HDL. In

lipoprotein subfractions classified by particle size these

increases were universally greater in metformin group and
Table 1 – Clinical characteristics of the study population.

Metform

n 100–108

Patient characteristics
Age (years) 31.8 ± 5.0
Smoking 9 (8.7)
Primipara 42 (38.9)
Pre-pregnancy BMI (kg/m2) 29.5 ± 5.9
Glucose metabolism
HbA1c% at OGTT 5.5 ± 0.34
HbA1c at OGTT (mmol/mol) 36.4 ± 3.7
HbA1c% at 36 gw 5.7 ± 0.33
HbA1c at 36 gw (mmol/mol) 38.5 ± 3.6
OGTT fasting (mmol/L) 5.5 ± 0.55
OGTT 1 h (mmol/L) 11.2 ± 1.5
OGTT 2 h (mmol/L) 8.3 ± 1.8
C-peptide at baseline (nmol/L) 1.1 ± 0.33
Pregnancy outcomes
Gestational hypertension 2 (1.9)
Preeclampsia 5 (4.6)
Operative vaginal delivery 9 (8.3)
Cesarean delivery 15 (13.9)
Induction of labor 41 (38.0)
Gestational weight gain (kg) 8.0 ± 5.2
Gestational age at delivery (weeks) 39.2 ± 1.4
Neonatal outcomes
Birth weight (g) 3610 ± 49
Birth weight (SD) 0.16 ± 1.1
Birth weight < 10th percentile 12 (11.5)
Birth weight > 90th percentile 15 (14.4)
Admission to NICU 33 (30.8)
Newborn I.V. glucose 25 (23.4)

Data is shown as mean ± SD or n (%). The p-value is given for the t-test o

the v2-test or Fisher’s exact test (indicated with §). OGTT = oral glucos

NICU = neonatal intensive care unit, I.V. = intravenous.
the difference between changes was significant in small to

very large VLDL, small LDL and, all HDL particles (Fig. 2).

Total cholesterol and free cholesterol increased irrespec-

tive of treatment (Figs. 1 and 2). The increase in cholesterol

in lipoprotein particles was most prominent in VLDL, while

cholesterol in HDL particles decreased (Figs. 1 and 2). In more

detailed lipoprotein subclasses cholesterol increased in all

VLDL subclasses, except very small VLDL in the metformin

group. The increases in medium to extremely large VLDL par-

ticles were significantly greater in metformin treated women

(Fig. 2). The amount of cholesterol decreased in very large and

large HDL in both groups and in medium HDL in the insulin

group.

Apolipoprotein B to A-1 ratio increased similarly in both

treatment groups, due to the increase in apolipoprotein B

(Fig. 2). The mean diameter of HDL particles decreased regard-

less of treatment, while the diameter of VLDL increased in

both groups, but more in the metformin group. The mean

diameter of LDL particles tended to decrease only in the met-

formin group, and the difference in the change between the

treatment groups was significant (Fig. 2).

Serum total FA increased in both groups, parallel to an

increase in monounsaturated FA (MUFA) and saturated FA

(SFA) and a decline in the estimated degree of unsaturation
in Insulin p-value

95–107

32.0 ± 5.5 0.82
17 (16.0) 0.16
49 (45.8) 0.38
28.9 ± 4.7 0.42

5.5 ± 0.34 0.51
36.7 ± 3.7
5.7 ± 0.36 0.85
38.6 ± 3.9
5.6 ± 0.42 0.49
11.2 ± 1.2 0.68#
7.9 ± 1.8 0.081
1.1 ± 0.29 0.90#

4 (3.7) 0.45§
10 (9.3) 0.19§
8 (7.5) 0.99
18 (16.8) 0.68
58 (54.2) 0.024
7.8 ± 5.3 0.77
39.4 ± 1.6 0.43

0 3590 ± 450 0.78
0.15 ± 0.96 0.92
9 (8.4) 0.60
17 (15.9) 0.92
39 (36.5) 0.47
25 (23.6) 1

r the Mann-Whitney U (indicated with #) and for categorical data for

e tolerance test, Gw = gestational weeks, SD = standard deviation,



Fig. 1 – Changes in lipids from baseline to 36 gestational weeks. Median values (±95% CI) of maternal serum cholesterol (C)

and triglycerides (TG) in total and in lipoproteinsmeasured at baseline (t1) and at 36 gestational weeks (t2) are depicted in line

graph. Statistical significance (p-value < 0.01) is denoted for changes within group (# metformin, § insulin) and for differences

in median changes between groups (*). Metformin n = 99, insulin n = 91.
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(Fig. 2). The increases in total FA, SFA, and MUFAwere greater

in the metformin group.

3.2. Associations between the lipidome at baseline and
birth weight

The associations between maternal serum lipids and BW

were initially analysed with both treatment groups combined.

Separate regression coefficients for metformin and insulin

groups were calculated if there was a significant interaction

between treatment group and the association between BW

and the independent variable. All metabolites with significant

univariate (b-estimate p < 0.01) association with BW in com-

bined analysis are shown in Fig. 3. A full list of regression

results are available as Supplementary tables 1–2. In the esti-

mation of the role of the whole lipidome on BW, the Q2 value

of the PLSmodel (i.e. the amount of variation in outcome vari-

able the model explained in internal cross-validation) for BW

was 4.66%.

At baseline total TG and TG in all VLDL, IDL, and LDL sub-

classes and in small HDL was associated positively with BW

(Fig. 3 and Supplementary Table 1). Cholesterol in small to

extremely large VLDL was associated positively and choles-

terol in medium HDL inversely with BW. VLDL and remnant

cholesterol, apolipoprotein B, apolipoprotein B to apolipopro-

tein A-1 ratio, total FA, SFA, and MUFA were associated posi-

tively with BW. Adjustment for pre-pregnancy BMI, GWG, or

baseline HbA1c had only minimal effects on these associa-

tions (Supplementary Table 1).

In PLS-DA analyses, lipidome was weakly associated with

SGA (Q2 = 1.36%) but not at all with LGA (Q2 < 0). In the logistic

regression analyses only cholesterol in medium HDL had a

significant positive association with SGA risk. This associa-

tion was not affected by adjusting for pre-pregnancy BMI,

GWG, or baseline HbA1c.
Cholesterol in total VLDL and in small VLDL, remnant

cholesterol, apolipoprotein B, and apolipoprotein B to A-1

ratio were significantly positively associated with BW in the

metformin but not in the insulin group. Linoleic acid,

omega-6 FA, and PUFA were associated positively with BW

only in the metformin group (Fig. 3 and Supplementary

Table 1). There were no interactions between the treatment

groups and the associations between these metabolites and

SGA.

We next analyzed whether selected baseline lipid variables

that were strongly related to BW (Fig. 3) are associated with

BW differently during insulin or metformin treatment in

patient groups stratified by baseline lipid levels. We formed

four quartiles of total triglycerides, VLDL triglycerides, VLDL

cholesterol, and apolipoprotein B to A-1 ratio. We observed

that among women in the highest quartile of VLDL choles-

terol and apolipoprotein B to A-1 ratio the BW centile was sig-

nificantly lower in those treated with insulin compared to

those treated with metformin (Table 2). A similar tendency

was found in total and VLDL triglycerides. Among women in

the three lower lipid quartiles there was no difference in

BW percentiles between insulin and metformin treated

women (p > 0.3).

3.3. Associations between the lipidome at 36 gestational
weeks and Birth weight

At 36 gw, the serum lipidome was weakly associated with BW

(Q2 = 1.48%) in PLS analysis. Compared to baseline, there were

fewer significant individual lipid associations to BW. Choles-

terol in small and very small VLDL, and TG in IDL, LDL and

medium to large LDL subclasses were positively associated

with BW (Fig. 4 and Supplementary Table 2). Adjusted for

either pre-pregnancy BMI or HbA1c at 36 gw, cholesterol in

LDL, free cholesterol, TG in LDL, linoleic acid, and omega-6
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Fig. 2 – Change in detailed serum lipid concentrations from baseline to 36 gestational weeks in patients treated with

metformin or insulin. Median change scaled by baseline SD ± 95% CI, closed squares / circles denote significant (p < 0.01) and

open squares / circles non-significant change from baseline within group, *p < 0.01 for difference in change between groups,

**p < 0.001 for difference in change between groups. Metformin n = 95–99 (circles), insulin n = 89–91 (squares).
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Fig. 3 – Associations between lipids at baseline and birth weight. Unadjusted regression b-estimates with 95% confidence

intervals (CI) for significant (p < 0.01) associations between serum lipids at baseline and birth weight when analysing both

groups combined. b-estimates for the groups individually are given if there was a significant interaction between treatment

groups and the association between independent and outcome variables. Gray bars denote significant (p < 0.01) association.
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FAwere also positively related to BW (Supplementary Table 2).

When adjusted for GWG, only cholesterol in small and very

small VLDL, TG in IDL and in LDL were positively associated

with BW.

TG in IDL and cholesterol in small VLDL were positively

associated with BW in the metformin but not in the insulin

group. TG in small LDL and in very small VLDL, remnant

cholesterol and total VLDL cholesterol, apolipoprotein B,

apolipoprotein B to apolipoprotein A-1 ratio, total FA, linoleic

acid and omega-6 FAwere positively associated with BW only

in the metformin group (Fig. 4 and Supplementary Table 2).

Serum lipidome at 36 gw was very weakly associated with

SGA (Q2 = 0.60%) but not at all with LGA (Q2 < 0) in PLS-DA. In

logistic regression analyses none of the metabolites were sig-

nificantly associated with SGA risk.

4. Discussion

In GDM patients treated with metformin or insulin, serum TG

concentrations, particularly in LDL and VLDL lipoproteins,

increased during the last trimester, and this increase was

greater in the metformin treated women. We found that

apolipoprotein B to A-1 ratio, and TG and cholesterol in VLDL

had the most evident positive relationship with BW. TG in LDL

and FA were also positively related to BW, and these associa-

tions were stronger in the metformin group.

The overall changes observed in the lipidome during the

last trimester (after mean 30 gw) are in agreement with
previous studies [20–23]. During a normal and GDM preg-

nancy maternal serum VLDL lipid concentrations rise [20–

23]. VLDL secretion from the liver is increased probably due

to increased energy intake and elevated estrogen, while the

clearance of VLDL is decreased by the suppression of lipopro-

tein lipase (LPL) activity in adipose tissue. The activity of

cholesterol ester transfer protein also increases in pregnancy

resulting in TG enrichment of HDL particles [23,24].

In this study, the increase in serum TG was uniform across

various lipoprotein particles, and greater in the metformin

group compared to the insulin group. These changes were

also reflected in greater VLDL and smaller LDL particle sizes

in the metformin group. A comparable increase in TG has

been previously described in the MiG trial [13], and our results

extend the observation of the increase in total TG to individ-

ual TG-containing particles. However, when metformin treat-

ment was compared to placebo outside pregnancy [25], or in

obese pregnant patients without diabetes [26], it did not affect

TG concentrations. Based on our data it is possible that met-

formin does not affect normal physiologic elevation of TG in

pregnancy [20], while insulin inhibits this increase as insulin

promotes storage of FA as TG in adipocytes by activating LPL

and inhibits the release of FA from adipose tissue by downreg-

ulating hormone-sensitive lipase. This could therefore

explain the smaller increase of serum TG in the insulin group.

The patients in the metformin group showed a significant

increase in VLDL TG and VLDL cholesterol compared to insu-

lin group. In agreement with our data, two other randomized



Table 2 – Birth weight of children in metformin and insulin treated GDM patients stratified by baseline maternal serum lipid
quartiles.

Q1 Q2 Q3 Q4

Total triglycerides
range (mmol/L) 0.91–2.05 2.06–2.52 2.53–3.02 3.03–5.13
metformin 0.38 [0.31; 0.58] (29) 0.46 [0.31; 0.66] (29) 0.69 [0.54; 0.79] (26) 0.74 [0.58; 0.84] (20)
insulin 0.42 [0.31; 0.62] (24) 0.60 [0.34; 0.76] (22) 0.67 [0.58; 0.88] (24) 0.54 [0.34; 0.69] (30)
p 0.50 0.31 0.96 0.061

VLDL cholesterol
range (mmol/L) 0.55–1.06 1.07–1.32 1.33–1.58 1.59–2.63
metformin 0.38 [0.24; 0.56] (29) 0.48 [0.34; 0.58] (26) 0.6 [0.46; 0.79] (32) 0.79 [0.66; 0.86] (17)
insulin 0.42 [0.29; 0.65] (23) 0.54 [0.34; 0.71] (26) 0.71 [0.58; 0.9] (18) 0.54 [0.34; 0.71] (33)
p 0.36 0.52 0.37 0.014#

VLDL triglycerides
range (mmol/L) 0.41–1.17 1.18–1.52 1.53–1.93 1.94–3.86
metformin 0.42 [0.31; 0.66] (29) 0.48 [0.34; 0.62] (26) 0.66 [0.46; 0.76] (27) 0.76 [0.58; 0.84] (22)
insulin 0.42 [0.29; 0.54] (23) 0.62 [0.44; 0.76] (26) 0.67 [0.46; 0.88] (22) 0.54 [0.42; 0.73] (29)
p 0.80 0.30 0.64 0.085

ApoB to apoA1 ratio
range (ratio) 0.36–0.67 0.68–0.79 0.80–0.90 0.91–1.34
metformin 0.34 [0.18; 0.42] (31) 0.54 [0.46; 0.71] (26) 0.62 [0.42; 0.76] (29) 0.76 [0.60; 0.96] (18)
insulin 0.42 [0.27; 0.66] (22) 0.58 [0.48; 0.76] (23) 0.64 [0.46; 0.76] (22) 0.66 [0.38; 0.76] (33)
p 0.32 0.76 0.92 0.026#

Data is reported as median birth weight percentile [95% confidence interval] (n) in quartiles (Q1-Q4) of each lipid (total triglycerides, VLDL

cholesterol, VLDL triglycerides, apolipoprotein B to A-1 ratio). p-value is given for Mann-Whitney U test comparing birth weights between

treatment groups in each lipid quartile.
# The differences between metformin and insulin groups in Q4 were significant (0.01 < p < 0.05) also after adjustment (ANCOVA) separately for

pre-pregnancy BMI, maternal gestational weight gain and baseline HbA1c.

Combined Insulin Metformin

0.00 0.25 0.50 0.75 0.00 0.25 0.50 0.75 0.00 0.25 0.50 0.75

Triglycerides in XS-VLDL

Triglycerides in S-LDL

Triglycerides in IDL

Triglycerides in LDL

Triglycerides in M-LDL

Triglycerides in L-LDL

Cholesterol in VLDL

Remnant cholesterol

Cholesterol in S-VLDL

Cholesterol in XS-VLDL

Total fatty acids

Omega-6 fatty acids

18:2, linoleic acid

Apolipoprotein B to apolipoprotein A-I ratio

Apolipoprotein B

beta ± 95% CI

Fig. 4 – Associations between lipids at 36 gestational weeks and birth weight. Unadjusted regression b-estimates with 95%

confidence intervals (CI) for significant (p < 0.01) associations between serum lipids at 36 gestational weeks and birth weight

when analysing both groups combined. b-estimates for the groups individually are given if there was a significant interaction

between treatment groups and the association between independent and outcome variables. Gray bars denote significant (p

< 0.01) association. Birth weight was calculated as deviation from Finnish general population mean adjusted for gestation

length. n = 194 (metformin 96, insulin 98).

d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 7 0 ( 2 0 2 0 ) 1 0 8 4 5 6 7
trials described no differences in total [13,27], HDL [13,27] or

LDL [13] cholesterol between metformin and insulin treat-

ments of GDM. VLDL lipids however were not examined in

these studies [13,27]. On the other hand, in non-pregnant sub-

jects metformin was associated with a decline in LDL choles-

terol [10] and in VLDL and LDL particle concentrations [12].

The difference in elevation of VLDL lipids between metformin
and insulin treatments in our study may be attributable to

insulin mediated inhibition of lipolysis and reduction in free

FA – the substrates for TG synthesis in the liver. Barrett

et al. [13] hypothesized that the patients who received met-

formin in the MiG trial, might have beenmore likely to restrict

the amount of carbohydrate intake while the amount of diet-

ary fat increased. Similarly, changes in the maternal diet
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could explain the observed difference in VLDL lipids in our

study. However, neither the MiG trial nor our study had diet-

ary data available. Moreover, neither of the two studies had a

placebo group, thus the independent effects of metformin

and insulin remain hard to define.

It is well established that FA concentrations increase and

their degree of unsaturation decrease during pregnancy

[20,21]. In our study the increase in SFA and MUFA concentra-

tions were greater during metformin treatment compared to

insulin. However, in non-pregnant subjects metformin treat-

ment did not affect SFA, MUFA, PUFA or the degree of FA

unsaturation [25].

Maternal dyslipidemia worsens towards the end of preg-

nancy, but is ameliorated within 6–8 weeks postpartum [13].

Hence, it seems unlikely that this shift in the lipidome after

30 gw towards a more atherogenic profile especially in the

metformin group would have a major long-term impact on

maternal cardiovascular health.

In previous studies the associations between maternal

lipids and BW have varied according to study population

[5,7,13–15,28–30]. In normal pregnancies without GDM mater-

nal TG was not associated with BW [30]. In undernourished,

normoglycemic Indian pregnant women, both TG and total

cholesterol were positively related to increased BW [28],

whereas in Caucasian women with normal OGTT, TG was

associated with BW independently of OGTT values [15], and

in overweight/obese pregnant women TG was positively and

HDL cholesterol inversely related to BW [29]. Even though

maternal TG is rather constantly associated with new-born

size [5,13–15], a large Mendelian randomization analysis did

not support causal association [31].

To cross the placenta, FA need to be hydrolysed from TG

and phospholipids by lipases, including endothelial lipase,

LPL, hormone sensitive lipase and adipose triglyceride lipase,

expressed in the placenta [32,33]. In GDM the expression of

placental lipases is altered [33,34]. In parallel with these

changes, an altered expression of gene clusters associated

with cholesterol and TG biosynthesis in placental cells in

GDM has been reported [34].

The discrepancy between the studies reporting correla-

tions between maternal lipids and BW may result from the

difference in lipid transfer and metabolism at the level of pla-

centa in mothers varying in their glycemic status and treat-

ment. The studies have consisted mostly of women without

GDM [5,15,30] or with GDM not requiring antihyperglycemic

medication [5], or women with GDM of whom approximately

30% were treated with insulin [14,30]. In the MiG trial mater-

nal HDL cholesterol at 36 gw was inversely correlated with

BW in insulin but not in metformin treated GDM patients

[13], whereas we did not observe any correlation between

HDL cholesterol at 36 wk and BW. The MiG study participants

had higher pre-pregnancy BMI and higher GWG from ran-

domization to 36 gw in the insulin group, possibly explaining

the differences between the two studies. Furthermore, the

association between HDL cholesterol and BW seems to be

dependent of maternal obesity [29].

In the MiG trial maternal serum TG at baseline and at 36

gw was positively correlated with BW percentiles in both

metformin and insulin treated GDM patients, but no correla-

tion between LDL cholesterol and BW was found [13]. In our
study the association between total TG and BW was attenu-

ated at 36 gw, while LDL cholesterol and apolipoprotein B to

A-1 ratio were related to BW only in metformin treated

patients. These differences between our and the MiG trial

data may be explained by differences in the ethnic back-

ground of the patients and/or differences in dietary

composition.

Although there were no differences in BW between the

treatment groups, the BW distributions were different

between the groups when stratified according to maternal

lipid (VLDL cholesterol, apolipoprotein B to A-1 ratio) quar-

tiles. Among patients in the highest quartiles at baseline

those treated with metformin delivered heavier neonates

compared to those treated with insulin. Thus metformin

and insulin may affect fetal growth on different mecha-

nisms, although the overall differences in BW observed were

subtle.

We hypothesize that insulin could, to a greater extent than

metformin, ameliorate the altered lipid metabolism and

transfer in placenta. This could explain the differences in

associations of lipids and BW between the treatment groups.

And hence, the insulin treatment may be more beneficial in

those patients that are hyperlipidemic to control the exces-

sive fetal growth. In favour of our hypothesis, the women

who had BW associated lipid values in the highest quartiles,

had lower BW centiles if they were assigned for insulin, com-

pared to metformin treatment. However this finding needs to

be confirmed in a larger study. On the other hand the women

who are hyperlipidemic, tend also to be more obese and insu-

lin resistant, and could therefore benefit from metformin

treatment, as metformin reduces insulin resistance [35] and

GWG [8].

We have demonstrated, in agreement with the MiG trial

[13], that compared to insulin metformin treatment of GDM

has different effects on maternal serum lipids, and that some

of maternal lipids at different stages of pregnancy are related

to fetal growth. Still, no differences in BW between met-

formin and insulin treated women have been reported [8].

One explanation for this might be that compared to met-

formin, the patients treated with insulin have greater vari-

ability in serum glucose, including glucose peaks leading to

temporary fetal hyperglycemia favouring fetal growth. This

could explain the absence of differences in BW between insu-

lin and metformin treated patients, despite the lower concen-

trations of serum TG rich lipoproteins in insulin treated

women.

The associations between lipidome and BW were attenu-

ated at 36 gw, possibly due to dietary or pharmacological

interventions. At baseline PUFA, including linoleic acid, were

not associated with BW as they were at 36 gw when adjusted

for pre-pregnancy BMI or HbA1c. Accordingly, placental trans-

fer and lipid metabolism may change after 30 gw, and the rel-

ative importance of PUFA may increase near term [36].

Importantly, none of the lipids in our study was associated

with the LGA risk.

4.1. Strengths and limitations of the study

In this study we present novel data of changes in maternal

lipidome in response to pharmacological treatment of GDM.
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NMR spectroscopy provides a fast and reliable way of

measuring concentrations of lipid variables, including

detailed classification of lipoprotein subclasses. As both of

the groups received pharmacological treatment, and includ-

ing a placebo group was considered unethical, we cannot def-

initely state to which extent these changes in the lipidome

are accountable to either treatment. Moreover, our study pop-

ulation consists of homogenous (99% Caucasian) patients in

good glycemic control and therefore, the results should be

cautiously generalized to all GDM populations.

4.2. Conclusions

Maternal serum lipids increased during the last trimester in

metformin and insulin treated GDM patients. The observed

increase in total TG, TG in most VLDL subclasses, cholesterol

in most VLDL subclasses, and total FA were greater in the

metformin treated patients. Several maternal lipid measures,

including VLDL TG, VLDL cholesterol and apolipoprotein B to

A-1 ratio, were associated with BW. These associations were

stronger in the metformin group, although there was no dif-

ference in BW between the treatment groups. However, based

on our results women with high VLDL cholesterol or high

apolipoprotein B to A-1 ratio at the time of GDM diagnosis

may benefit from insulin treatment over metformin with

respect to offspring BW. This finding however needs to be

confirmed in a larger study.
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Metformin vs. insulin in gestational diabetes. A randomized
study characterizing metformin patients needing additional
insulin. Diabetes Obes Metab 2013;15:246–51. https://doi.org/
10.1111/dom.12017.

[17] Soininen P, Kangas AJ, Wurtz P, Tukiainen T, Tynkkynen T,
Laatikainen R, et al. High-throughput serum NMR
metabonomics for cost-effective holistic studies on systemic
metabolism. Analyst 2009;134:1781–5. https://doi.org/
10.1039/b910205a.

[18] Pihkala J, Hakala T, Voutilainen P, Raivio K. Characteristic of
recent fetal growth curves in Finland. Duodecim
1989;105:1540–6.
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