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Abstract Diabetic pregnancy frequently results in macr-

osomia or fetal obesity. It seems that the anomalies in

carbohydrate and lipid metabolism in macrosomic infants

of diabetic mothers are due to maternal hyperglycemia,

which leads to fetal hyperinsulinemia. We have developed

a rat model of macrosomic offspring and assessed the onset

of obesity in these animals. The macrosomic offspring born

to diabetic mothers are prone to the development of glu-

cose intolerance and obesity as a function of age. It seems

that in utero programing during diabetic pregnancy creates

a ‘‘metabolic memory’’ which is responsible for the

development of obesity in macrosomic offspring. We have

demonstrated that the metabolism of lipids, and altered

anti-oxidant status and immune system are implicated in

the etiopathology of obesity in these animals. We have

reported beneficial effects of n-3 polyunsaturated fatty

acids (PUFAs) in obese animals, born to diabetic dams.
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Introduction

Macrosomia has been defined as a birth weight greater than

or equal to the 90th percentile birth weight for gestational

age or infants who weigh >4,000 g at delivery, irrespective

of gestational age or sex [1–4]. Macrosomic newborns in-

cur a number of prenatal complications such as fetal dis-

tress, shoulder dystocia, and high incidence of caesarean

delivery [2]. During the neonatal period, macrosomic

infants are at increased risk for hypoglycemia, infant

respiratory distress syndrome, hyperbilirubinemia, and

hypertrophic cardiomyopathy [2]. Increased risks of

maternal obstetrical complications and longer labor periods

especially in primigravid women have been reported in

mothers of macrosomic babies [5]. Consequently, fetal

macrosomia is a risk factor for fetal injury and maternal

morbidity in type I, type II, and gestational diabetic preg-

nancies [1, 4, 6–9].

The growth and development of the fetus depend not

only upon nutrients, but also upon genetic makeup and

feto-maternal endocrine status [10, 11]. Several alterations

in the metabolism of carbohydrate and lipid, observed in

infants of diabetic mothers at birth, also persist postnatally

[12–20]. Here-below, we will try to shed light on the

implication of in utero programing and some patho-phys-

iological abnormalities in macrosomia.

In utero ‘‘metabolic memory’’ during diabetic

pregnancy seems implicated in macrosomia

In 1995, David Barker [21] wrote: ‘‘The foetal origins

hypothesis states that fetal undernutrition in middle to late

gestation, which leads to disproportionate foetal growth,

programes later coronay heart disease’’. The process,

whereby a stimulus or insult at a sensitive or critical

period of development has long-term effects, is termed

programing.

In fact, this in utero programing seems to create some

kind of ‘‘metabolic memory’’ since the anomalies in the

physiological system during gestational period are

responsible, at adulthood, for the ‘‘onset’’ of the diseases

like type II diabetes and obesity, associated to metabolic
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syndrome. Maternal hypercholesterolaemia during preg-

nancy is associated with greatly increased fatty streak

formation in human fetal arteries and accelerated pro-

gression of atherosclerosis during childhood [22]. A good

correlation exists between maternal and fetal plasma cho-

lesterol levels in 5 to 6-month-old human fetuses [23, 24].

We would like to recall that some of the alterations such as

increased triacylglycerol (TAG), apoB100, very low-den-

sity lipoprotein (VLDL), and low-density lipoprotein

(LDL) levels in macrosomic newborns persist even after

1 month of life [13]. We have reported (see the next par-

agraph) that, in the macrosomic rats born to diabetic dams,

most of the lipid parameters are normalized by the age of

2 months and later on, after 3 months, these offspring

again develop these lipid anomalies. These observations

suggest that there is some kind of in uetro ‘‘metabolic

memory’’ which is dormant, to some extent, during

childhood and may cause, in adulthood, an increase in

glucose, insulin, and lipid levels in these animals [25].

Desai et al. [26] have demonstrated that adult glucose and

lipid metabolism may be programed during fetal life.

Insulin resistance, which we have noticed in our macro-

somic adult rats, may be a programed response to fetal

undernutrition as suggested elsewhere [27].

The in uetro metabolic modifications, responsible for the

appearance of these physiological anomalies in adulthood,

remain to be searched for. However, fetal hyperinsulinemia

may, possibly, be an endogenous teratogen during critical

periods of development, leading to permanent structural or

functional organ changes and consequent programing of

the ‘‘metabolic memory’’ [28]. It has been shown that

maternal hyperglycemia leads to fetal hyperglycemia

which stimulates pancreatic islet cells and, consequently,

produces fetal hyperinsulinemia [17]. Maternal glucose

levels and fetal macrosomia have been positive correlated

[18, 19]. The fetal hyperinsulinemic state results in

increased fat tissue, liver glycogen contents, and total body

size [20]. Insulin receptors may also play a role in the

increased insulin effects in infants. Several authors [16, 29]

have provided evidence for the defective down-regulation

of insulin receptors in hyperinsulinemic fetus, which may

have increased insulin binding sites and, thus, its metabolic

effects. The insulin concentrations in utero may also affect

the induction and activity of various hepatic enzymes

associated with fat and carbohydrate metabolism [20]. The

role of sterol-regulatory-element-binding protein-1c

(SREBP-1c) in the regulation of hepatic metabolism is now

well established [30]. Indeed, insulin stimulates the syn-

thesis of SREBP-1c [31]. SREBP-1c is a transcription

factor that induces expression of genes involved in lipo-

genesis, especially fatty acid and TAG synthesis [32]. It

has been shown [33] that this factor is active in fetal tissues

and participates in the regulation of lipogenic genes during

proliferation. Hence, it is possible that SREBP-1c levels

are increased in macrosomic fetuses; however, the corre-

lation between high expression of SREBP-1c and high lipid

metabolism in macrosomic newborns remains to be

established experimentally [13].

Experiments in animals have implicated the fetal

hypothalamus as a key site that can be ‘‘programed’’ by

transient changes in prenatal endocrine status [12]. Hence,

we can cite a plausible study of Yura et al. [34] who have

shown that in uetro undernutrition is closely associated

with obesity related to detrimental metabolic sequelae in

adulthood. They have demonstrated that the premature

leptin surge in undernourished mice alters energy regula-

tion by the hypothalamus and contributes to ‘‘develop-

mental origins of obesity.’’ However, the implication of

other factors in the in utero modifications remains to be

investigated in future.

Lipid and lipoprotein metabolism is altered in newborn

and adult macrosomic offspring

Most of the lipid abnormalities observed in macrosomic

newborns are parallel with those found in their diabetic

mothers [1]. Several investigators [13, 35, 36] have shown

that, in macrosomic newborns of diabetic mothers, serum

lipid, lipoprotein, and apo concentrations are higher than in

normal newborns of healthy mothers [20, 37].

Macrosomic newborns possess high LDL levels as a

result of high concentrations of VLDL, as most LDL par-

ticles are derived from VLDL by the action of lipoprotein

lipase (LPL) [1, 13, 35]. High activities of LPL and hepatic

TAG lipase (HTGL) have also been reported in infants of

diabetic mothers [38, 39]. Macrosomic newborns possess

high levels of high-density lipoprotein (HDL), which are

accompanied by high HDL apoA-I and apoA-II concen-

trations, suggesting an increase in the number of HDL

particles, probably as a result of their enhanced synthesis

[13, 35]. These modifications in lipid metabolism of mac-

rosomic infants can be seen in a recent review article [25].

In order to understand the role of lipid metabolism in the

etiopathology of macrosomia, we have developed an ani-

mal model of macrosomia in our laboratory. The pregnant

rat is a good experimental animal because it shows a rise in

VLDL-TAG during pregnancy similar to that seen in

humans [40]. Administration of streptozotocin (STZ) on

day 5 of gestation exerts no effect on embryo development

and, thus, avoids its lethal effects on the fetal pancreatic

b-cells [41, 42]. We have used this animal model to explore

the association between birth weight and the predisposition

of macrosomic pups of diabetic dams to the onset of adult

obesity [14, 43–45]. Hence, we have noticed that at birth,

macrosomic obese pups had higher serum glucose, insulin,
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saturated fatty acids, and lipoprotein (VLDL, LDL-HDL1,

HDL2–3) levels, associated with increased serum lecithin

cholesterol acyltransferase (LCAT) activity, than control

pups. Most of these lipid anomalies become normal during

first and second month of life of macrosomic rats.

Hereafter, we will describe the modifications which are

apparent at 3 months of age, i.e., adulthood, of macrosomic

animals in order to strengthen the notion that the fetal

‘‘metabolic memory’’ does have the consequences on the

later life. First important observation is that these macro-

somic rats gain weight progressively, as a function of age,

till adulthood. Their weight gain is significantly higher than

that in control rats [14, 43–45]. Besides, these adult mac-

rosomic rats are hyperglycemic and hyperinsulinemic, with

high lipid and lipoprotein concentrations. These obese rats

also display significant increases in liver lipids, LCAT,

LPL, HTGL, acyl Co-A cholesterol acyl transferase

(ACAT), 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)

reductase, and 7a-hydroxylase activities. Taken together,

these results strongly suggest that the macrosomic rats

developed insulin resistance at adulthood [41, 42, 46]. It is

well known that the development of obesity is linked to

insulin sensitivity, whereas weight maintenance in the

obese state is associated with insulin resistance [45, 47,

48]. Adult obese macrosomic rats have high VLDL con-

centrations accompanied by a concomitant increase in all

VLDL-apoprotein and lipid components, suggesting ele-

vated VLDL particle number. Overproduction of VLDL, a

common feature of human and various experimental obe-

sities, is a direct consequence of hyperinsulinemia and

hepatic hyperlipogenesis [49–52]. These adult obese rats

also possess enhanced HDL2–3 levels. A positive correla-

tion between adiposity and HDL levels is seen in several

animal models of obesity [53, 54]. Adult obese offspring of

diabetic dams also present compositional changes of

HDL2–3 particles, including enrichment in cholesterol [43,

45]. Fatty acid composition of liver and VLDL-TAG lipids

are also altered in 3-month-old obese rats [44]. One of the

most interesting findings is a reduced arachidonic acid

(C20:4n-6) level in the liver and VLDL-TAG and phos-

pholipids. This phenomenon is important because it coin-

cides with the development of insulin resistance. Similar

changes in the fatty acid composition of plasma and liver

lipids have been shown to occur in human diabetes and

obesity [55, 56]. Indeed, it has been reported that the

degree of complications in human diabetes is inversely

correlated with arachidonic acid (C20:4n-6) levels [57, 58].

It is now known that decreased insulin sensitivity is asso-

ciated with decreased arachidonic acid levels in humans

[56]. Therefore, decreased arachidonic acid (C20:4n-6)

amounts in liver and VLDL phospholipids of macrosomic

rats might, in turn, impair insulin activity and aggravate

insulin resistance at adulthood. Besides, adult macrosomic

offspring display liver steatosis. Fatty acid composition of

liver and VLDL lipids are also altered throughout adult-

hood, reflecting changes in insulin sensitivity in these

obese offspring.

In conclusion, fetal macrosomia in the offspring of

diabetic mothers influences lipid and lipoprotein metabo-

lism at birth and adulthood. It is, therefore, apparent that

macrosomia in diabetic pregnancy may be considered as an

important risk factor for adult obesity, diabetes and other

metabolic complications, including essential fatty acid

metabolism abnormalities and dyslipoproteinemia.

Anti-oxidant status is diminished in adult macrosomic

offspring

One of the earliest abnormalities observed in diabetic

subjects is the involvement of oxidative stress [59]. High

blood glucose levels in macrosomic newborns induce

oxidative stress [60] which, in turn, induces the production

of highly reactive oxygen radicals, being toxic to cells,

particularly to the plasma membranes where these radicals

interact with the lipid bilayer. Endogenous antioxidant

enzymes, e.g., superoxide dismutase (SOD), catalase,

glutathione peroxidase (GSH-Px), and reductase, and

vitamins are responsible for the detoxification of delete-

rious oxygen radicals [61]. In diabetes as well as in

macrosomia, protein glycation and glucose auto-oxidation

may generate free radicals, which in turn catalyze lipid

peroxidation [62]. Moreover, impaired glutathione

metabolism [63] and decreased ascorbic acid levels [64]

have been reported in diabetes and macrosomia. We

have recently demonstrated that macrosomic obese pups

exhibit a reduced anti-oxidant status, including increased

plasma thiobarbituric acid reactive substances (TBARS),

decreased oxygen radical absorbance capacity (ORAC)

and vitamin C concentrations, SOD and GSH-Px activities

[65]. Similar results have been obtained by Dincer et al.

[66], who have shown a decrease in these enzyme activ-

ities in liver and lung of neonate of STZ-induced diabetic

rats. Hence, treatment with antioxidants may prevent or

reverse abnormalities associated with diabetes and its

complications.

Cell-mediated immunity is altered in adult macrosomic

offspring

It has been shown that the abnormalities in humoral and

cell-mediated immunity in type I diabetic females may

persist during pregnancy and, hence may complicate

immune-fetal interaction [67]. As far as T-cell activation

in diabetic pregnancy and their macrosomic offspring is
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concerned, only a few studies are available on the subject

[67]. In fact, fully activated T-cells are detected in the cord

blood of infants and mothers with type I diabetes but not in

infants from normal mothers [67]. Moreover, from birth up

to 15 years of age, the percentage of total T-cells was

higher in children of type I diabetic mothers than in those

of healthy mothers [68]. An increase in MHC class II

positive lymphocytes has been observed in infants of type I

diabetic mothers compared to controls [69]. Moreover, the

newborns of type I diabetic mothers showed a significant

reduction in natural killer (NK) lymphocytes, indicating a

deficit in natural immunity at birth [70]. Newborn babies of

type I diabetic mothers showed an increase in the number

of CD4+ T-cells [71]. Furthermore, production of IL-1 and

IL-2 in the culture supernatants of mitogen-stimulated

lymphocytes of these newborns was higher than that in

controls [72]. However, the role of pancreatic and splenic

Th subsets in the modulation of these pathologies has not

yet been explored. We have recently tried to establish a

correlation between diabetic pregnancy/macrosomia and

differentiation of T-cells into Th1 and Th2 subsets. We

have demonstrated that diabetic pregnancy is associated

with a decreased Th1 phenotype and IL-4 mRNA expres-

sion in the pancreas and spleen. In macrosomic offspring,

high expression of IL-2 and IFN-c mRNA, but not of Th2

cytokines, was observed, indicating that the Th1 phenotype

is upregulated during macrosomia [73].

Besides, the T-cells of gestational diabetic rats and their

macrosomic offspring seem to present a defect in signal

transduction. Indeed, we have shown that the recruitment

of free intracellular calcium concentrations from intracel-

lular pool is altered in these animals [74]. Hence, it appears

clear that the T-cells in diabetic pregnancy and macrosomic

obese offspring are in vivo activated and hence, whenever

one will talk of the preventive strategies, one should think

of using agents which exert immunomodulatory effects.

PPAR-a is critical for diabetic pregnancy

Peroxisome proliferator-activated receptors (PPARs) are

ligand-activated transcriptional factors that regulate a

large number of genes by transcriptional activation and

repression [75]. The three isotypes have been identified in

lower vertebrates and mammals [76]. PPARa, PPARb (d),

and PPARc exhibit different tissue distribution as well as

different ligand specificities and functions [77]. PPARa is

highly expressed in the liver and brown adipose tissue

and regulates lipid homeostasis. It controls positively the

fatty acid transport and oxidation in the liver [76]. Thus,

this receptor may play a non-negligible role in the regu-

lation of chronic diseases such as diabetes, obesity, and

atherosclerosis.

Our initial interest, in this study, was to examine the

implication of PPARa in the induction of macrosomia in

diabetic pregnancy in mice. To our surprise, we observed

that 50% of PPARa-null mice with diabetic pregnancy

aborted while the abortion was only 8.3% in wild type

mice. We also observed high level of mortality (nearly

79%) in PPARa-null diabetic mice without any sign of

macrosomia in both strains of mice, though the remaining

offspring at adulthood developed insulin resistance. These

observations indicate that the expression of PPARa is

necessary for a successful diabetic pregnancy (unpublished

results).

n-3 PUFAs exert beneficial effects in macrosomia

Polyunsaturated fatty acids (PUFAs) are known to modu-

late the metabolism of lipids and lipoproteins [78–81].

Dietary PUFAs have been classified into two categories,

belonging to n-6 and n-3 families. The n-6 PUFAs, syn-

thesized from linoleic acid (18:2n-6), are abundantly

present in meat and vegetable oils. The most biologically

active n-6 PUFA is arachidonic acid (C20:4n-6), which is

implicated in most of the cellular functions. Arachidonic

acid (C20:4n-6) gives rise to physiologically active eico-

sanoids (prostaglandins, thromboxanes, leucotrienes, and

lipoxins). High contents of n-3 PUFAs, specifically doco-

sahexaenoic acid (DHA; C22:6n-3) and eicosapentaenoic

acid (EPA; C20:5n-3), are found in fish oil and marine

algae. DHA is a significant structural component of

membrane phospholipids whereas EPA gives rise, similar

to arachidonic acid, to different biologically active

metabolites via cyclo-oxygenase and lipoxygenase path-

ways [82].

Fish intake delays development of diabetes in glucose-

intolerant individuals [83]. Studies in rats have shown [84]

that fish oil exerts beneficial effects on insulin resistance,

since it completely prevents the development of insulin

resistance induced by a diet rich in fat. Insulin resistance in

rats is inversely and significantly correlated with the n-3

PUFAs content of their skeletal muscles [85]. n-3 PUFAs

enhance peripheral glucose utilization in rats [86].

In the rat model, we have noticed that feeding an n-3

PUFAs diet to diabetic pregnant rats decreased the inci-

dence of macrosomia (64% in standard diet fed dams

versus 48% in n-3 PUFAs diet fed dams). Besides, mac-

rosomic rats of n-3 PUFAs diet fed group showed lower

weight gain than those fed the standard diet, at each age

[87]. n-3 PUFAs diet significantly decreased adipose tissue

weight and lipid contents in macrosomic rats. At the age of

3 months, liver lipid levels were significantly enhanced

in macrosomic rats compared to control animals in stan-

dard diet fed group. This elevation was not noticed in
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macrosomic rats fed an n-3 PUFAs diet. The elevation in

the concentrations of serum and liver total cholesterol and

TAG induced by diabetic pregnancy and macrosomia was

significantly reduced by feeding an n-3 PUFAs diet [87].

Diabetes and macrosomia induced-elevation in serum and

liver saturated fatty acids, 18:1 and 18:2(n-6), and a

reduction in 20:4n-6, 20:5n-3, and 22:6n-3 levels was

corrected by feeding an n-3 PUFAs diet to these animals

[87]. The n-3 PUFAs diet in macrosomic pups increased

serum and liver levels of eicospentaenoic acid (EPA) and

docosahexaenoic acid (DHA). The n-3 PUFAs diet induces

a significant diminution in liver and serum triglyceride and

cholesterol concentrations in macrosomic pups during

adulthood. The hypocholesterolemic effect of n-3 PUFAs

was apparent in VLDL and LDL-HDL1, and was accom-

panied by an increase in cholesterol levels in HDL2–3

fraction.

The n-3 PUFAs exert their mechanisms of action at

different lipid parameters. Several studies have suggested

that the hypotriglyceridemic effect of n-3 fatty acids is due

to reduced hepatic TAG output [88] or accelerated clear-

ance of VLDL-TAGs [89]. In fact, n-3 PUFAs supple-

mentation increases the endogenous activities of LPL and

HTGL [90]. However, the effects of n-3 PUFAs on lipo-

lytic activities are divergent, with sometimes decreased or

no effects [91]. Several mechanisms have also been

proposed for the TAG lowering associated with n-3

PUFAs. These mechanisms include decreased delivery of

fatty acids to the liver, accompanied by increased fatty acid

oxidation and decreased fatty acid synthesis, resulting in

decreased fatty acid availability for TAG synthesis [91].

Moreover, LDL levels are decreased, unchanged or in-

creased with n-3 PUFAs [91, 92]. Dietary supplementation

with n-3 PUFAs induces the presence of large LDL parti-

cles, which might be expected to reduce atherogenic risk

[92]. In addition, large amounts of EPA are found in

LDL-esterified cholesterol, which leads to a marked dis-

ordering of lipid core and lowering of the LDL transition

temperature [91]. Greater fluidity of the LDL core has been

associated with reduced atherogenicity of the particle. In

view of the well-known inverse relationship between

plasma TAG levels and HDL-cholesterol (HDL-C), it is not

surprising that fish oil treatment might increase HDL-C and

HDL2 levels [90, 91]. It is important to note that HDL2

levels are known to be antiatherogenic, as they protect

LDL against oxidative modifications.

We have here-before mentioned that macrosomia is

associated with altered anti-oxidant enzyme activities and

vitamin concentrations. As far as the effects of n-3 PUFAs

on anti-oxidant status are concerned, contradictory results

have been reported. In fact, some authors [93, 94] have

reported increased levels of TBARS in human plasma after

consumption of n-3 fatty acids, while other investigators

[95, 96] could not find any significant differences in

TBARS levels in their studies. However, several reports

have shown the beneficial effects of fish oils containing

n-3 PUFAs like EPA and DHA in the protection against

lipid peroxidation in rat and human beings with diabetes

[97, 98]. Kesavulu et al. [99] have demonstrated that the

treatment of diabetic patients with n-3 fatty acids

improved their anti-oxidant status. We observed that

feeding an n-3 PUFAs diet restored antioxidant status in

diabetic dams and macrosomic offspring [65]. Hence, n-3

PUFAs diet reduced increased plasma TBARS and cor-

rected the decreased ORAC values in diabetic rats and

their macrosomic offspring. Furthermore, n-3 PUFAs diet

increased the diminished vitamin A levels in diabetic

mothers and vitamin C concentrations in macrosomic

pups. Besides, this diet improved the decreased

erythrocyte SOD and GSH-Px activities in diabetic and

macrosomic animals [65].

As far as the immune system is concerned, n-3 PUFAs

have been considered as immunosuppressors and, there-

fore, they have been used in the management of a number

of inflammatory and autoimmune diseases, including

rheumatoid arthritis and multiple sclerosis [100, 101] as

these pathologies are characterized by the presence of

activated T-cells and cytokines either at the site of tissue

injury [102, 103] or in the circulation [104, 105]. n-3

PUFAs have been shown to suppress mitogen-stimulated

proliferation of lymphocytes isolated from lymph nodes

[106], spleen [107], and lymphatic duct [108], in mice and

human beings [107, 109, 110]. Feeding the n-3 PUFAs diet

corrected intracellular calcium homeostasis in T-cells of

diabetic pregnant dams and their macrosomic obese rats

[74].

Feeding the n-3 PUFAs diet induces a shift in Th1/Th2

ratio to Th2 phenotype in rats with diabetic pregnancy [73].

Indeed, the n-3 PUFAs diet diminished Th1 mRNA

quantities in macrosomic offspring. Besides, n-3 PUFAs

diet upregulates Th2 profile in diabetic pregnant rats,

associated with a decreased Th1 phenotype. Wallace et al.

[111] have also observed that feeding fish oil to mice

induced a shift in IFN-c/IL-4 ratio by a factor of four as

compared to animals fed the low fat diets. As far as the

molecular mechanism of action of n-3 PUFAs is con-

cerned, not much is known on this subject. We have pre-

viously shown that dietary n-3 PUFAs are incorporated into

cell phospholipids [112]. Hence, we can propose that die-

tary n-3 PUFAs may exert their action by modulating cell

signaling. We have recently shown that T-cell activation

and T-cell calcium signaling are altered in diabetic preg-

nancy and macrosomia, and dietary fish oils, particularly

EPA and DHA, restore these T-cell abnormalities [113].

Furthermore, DHA and EPA have been shown to induce

increases in free intracellular calcium concentrations, by
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opening CRAC channels, in Jurkat T-cells [114]. During

cell activation, a modification in intracellular pH also plays

an important role in cell cycle progression and, hence,

DHA and EPA have been shown to modulate this

phenomenon in Jurkat T-cells [115]. Denys et al. [116,

117] have also demonstrated that DHA inhibits the phos-

phorylation of ERK1/ERK2 in Jurkat T-cells. Dietary n-3

PUFAs, incorporated into plasma membrane, may also give

rise to diacylglycerols which, in turn, may modulate cell

activation. It has been shown that diacylglycerols, con-

taining EPA and DHA, modulate not only PKC activation

[118] and calcium signaling [119], but also ERK1/ERK2

phosphorylation by acting on rasGRP [120].

To sum up, we can state that n-3 PUFAs, modulate lipid/

lipoprotein metabolism, anti-oxidant status and, T-cell

activation and differentiation and, consequently, exert their

beneficial effects in diabetic pregnancy and macrosomia.

Conclusion

Fetal macrosomia is a risk factor for later obesity, diabetes,

and dyslipoproteinemia. Macrosomia is a pathology where

in utero development, in hyperglycemic and hyperlipi-

demic situations, plays an important role in the programing

of the ‘‘metabolic memory’’ (Fig. 1). Maternal diabetes

should be carefully considered and appropriate manage-

ment of hyperglycemia should be sought. Macrosomia is a

multifactorial pathology, involving anomalies in lipids,

lipoproteins, anti-oxidants status, and activation of immune

system (Th1-biased). Hence, dietary n-3 PUFAs exert

beneficial effects by counteracting these physiological

parameters both at maternal and macrosomic levels.

Nonetheless, further detailed investigations are required to

explore the role of these fatty acids in insulin resistance in

obesity related to macrosomia.
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