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ABSTRACT

Background: Aim of the study was to determine association of maternal serum triglycerides (TG) at term and
macrosomia in gestational diabetes mellitus (GDM).

Methods: A cross sectional study was carried out in the department of obstetrics and gynaecology, RIMS, Manipur.
The study was conducted for 2 years duration from September 2019 to August 2021 and 85 singleton term pregnant
women with GDM were included. All the patients were subjected to check fasting serum TG, FBS, PPBS. Descriptive
statistics like mean, standard deviation and Inferential statistics like Chi-square test was used for comparing study
variables between large for gestational age (LGA) and non LGA group. T-test was used to compare the mean values of
age, pre-pregnancy BMI, pregnancy weight gain, OGTT, FBS, PPBS, fasting serum TG between LGA and non LGA
group.

Results: The observed mean TG values in LGA and non LGA group in our study was 262.35+26.08 and 158.18+13.24
mg/dL respectively. The serum TG values in the LGA group mothers was significantly higher when compared to the
non LGA group. The mean weight gain in pregnancy 15.17+1.82 and 9.60+1.47 in LGA and non LGA respectively.
The mean BMI comparison among LGA and non LGA are 27.7+1.74 and 22.94+1.6 respectively.

Conclusions: It is observed that maternal fasting serum TG may be a strong predictor of foetal size irrespective of the
glycemic status. Our study clearly pointed out the usefulness of measuring serum TG in GDM pregnancy. In addition
to maternal hypertriglyceridemia, pre-pregnancy BMI, excessive weight gain in pregnancy significantly associated with
foetal macrosomia in GDM mothers.
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INTRODUCTION
manifests during pregnancy.®

Gestational diabetes mellitus (GDM) defined as

and may indicate underlying metabolic dysfunction that

carbohydrate intolerance of variable severity with onset or
first recognition during pregnancy, is the most common
metabolic condition during pregnancy and is increasing in
prevalence worldwide.> Upto 22% pregnant women have
GDM and this prevalence may be higher under newer
diagnostic criteria.2  In women with GDM, the
physiological changes in insulin and lipids are exaggerated

Currently the diagnosis and management of GDM is
primarily on measurements of glucose metabolism.
Although diabetic mothers with poor glycemic control are
more likely to deliver macrosomia babies than mother with
good glycemic control, strict glycemic control sometimes
fails to prevent macrosomia.* Macrosomia is associated
with serious complications to both mother and the foetus
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like prolonged labor, caesarean delivery, postpartum
hemorrhage, severe lacerations and foetal injuries,
respiratory distress syndrome, hypoglycemia,
hyperbilirubinemia respectively.®

Various studies shows that variation in birth weight which
occur more often in diabetic pregnancies are not only
determined by maternal glycemic state but other metabolic
factors as well, in particular lipids may have an important
influence. In fact the growth of the foetus depends on
glucose, lipids and amino acids. The modified Pedersen-
Freinkel hypothesis also includes maternal amino acids
and lipids in addition to glucose.5%°

The rising level of TG observed even during normal
pregnancies is the result of high serum estrogen
concentration and increasing insulin resistance. Fatty acids
derived from maternal TG cross the placenta and
contribute to foetal macrosomia.'* According to WHO, 41
million children under the age of five are known to be
obese worldwide.* During pregnancy, foetal growth is
influenced by the in-utero environment. Maternal nutrition
plays a major role not only on the mother’s own health, it
also has a lasting impact on the normal growth and the
well-being of the baby.*3

Therefore, by identifying pregnancies at increased
perinatal risk, macrosomia prediction allows for tailoring
appropriate obstetric care. Macrosomia complicates
significant proportion of diabetic pregnancies. The main
purpose of this study is to determine the association of the
maternal serum TG with macrosomia at term in GDM. So
appropriate  management and interventions could be
employed if high risk cases are identified earlier.

METHODS
Study design
Study design was cross sectional study.
Study setting

The study was carried out in the department of obstetrics
and gynaecology, Regional Institute of Medical Sciences,
Imphal, India. The study was conducted for duration of
two years beginning from September 2019 to August
2021, 85 term pregnant women with GDM were included
in the study. Identity of the patient in relation to age, parity
was taken. Body mass index of the patient before
pregnancy and pregnancy weight gain has been recorded.
Oral glucose tolerance test and blood sugar (Fasting and
post-prandial) was done. All the patients were subjected to
check fasting serum TG by collecting venous blood from
antecubital vein under strict aseptic precautions after 12
hours of fasting. Serum TG was estimated using Randox
reagent imola autoanalyzer, manufactured in 2007, United
Kingdom. Data has been checked for consistency and
completeness was analysed by using SPSS version 21.0
IBM. Descriptive statistics like mean, standard deviation,
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percentages and frequencies was used. Inferential statistics
like chi-square test used for comparing age, parity, pre-
pregnancy BMI, pregnancy weight gain, FBS, PPBS,
mode of delivery, glycemic control between LGA and Non
LGA group. T test was used to compare mean values of
age, pre-pregnancy BMI, pregnancy weight gain, OGTT,
FBS, PPBS, fasting serum TG between LGA and non LGA
group. P<0.05 was considered as statistically significant.

Inclusion criteria

Any singleton term pregnant women with GDM admitted
in the department of obstetrics and gynaecology, RIMS,
Imphal were included.

Exclusion criteria

Patients with gestational hypertension or with other
systemic diseases like overt DM, thyroid disorder in
pregnancy or any chronic illness were excluded.

Sample size
(N) is calculated by using the formula,

N= 4PQ/L?, where P=Prevalence of macrosomia in GDM
mothers,

Q=100-P, L=Allowable margin of error, L=10%,

Taking p=25.8% from prevalence of foetal macrosomia in
a study conducted by Karthiga Prabhu J, Anjalakshmi
Chandrasekar and margin of error L=10%.2*

Sample size (N)=77 Considering 10% of non response
rate, the final calculated sample size N is 85.

RESULTS

In this cross-sectional study, 85 term pregnant women with
GDM fulfilling the inclusion and exclusion criteria were
taken up. It was carried out for period of 2 years
(September 2019 to August 2021) in department of
obstetrics and gynaecology, Regional Institute of Medical
Sciences, Manipur, India.

Table 1: Background characteristics of patients,
(n=85).

Patient characteristics Mean + SD

Age in completed (Years) 29.22+3.9
Pre-pregnancy BMI (Kg/m?) 24.22+2.7
Weight gain in pregnancy (kg) 11.11+2.9
Screening OGTT value (mg/dL) 152.03+6.2
Fasting blood sugar (mg/dL) 95.99+7.1
Postprandial blood sugar (mg/dL)  127.94+19.1
Fasting serum triglyceride (mg/dL) 181.75+45.2
Birth weight (kg) 3.391+0.62
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Table 1 shows mean values of age, pre-pregnancy BMI,
weight gain in pregnancy, screening OGTT values, fasting
and postprandial blood sugar values, fasting serum
triglyceride values and birth weight of the baby of the
study population.

Our study included the patients with age ranging from 21
years to 38years, with mean age of 29.22. Most of the
study subjects were between 20-34years (88.20%). None
of the subjects were found below 20 years. Maximum
number of patients were multipara (74.10%), while 22
were nullipara (25.90%).

Out of 85 patients, 36.5% (n=31) had excessive weight
gain and 20% (n=17) had poor weight gain. Maximum
people (43.50%) had normal weight gain of 11-13 kg.
Majority (61.20%) had normal BMI before pregnancy
followed by overweight (34.10%) and obese (4.70%).
None of the study subjects had BMI1<18.5.

Most of the patients in the study had their FBS level more
than the target level (=95 mg/dL). Only 48.2% (n=41) had
controlled FBS value. Out of 85 patients, 43 patients
(50.6%) had PPBS value <120mg/dL and 42 patients
(49.4%) had PPBS value > 120 mg/dL. Based on treatment
received by patients, maximum patients were on Oral
hypoglycemic agents (65.90%) followed by insulin
(21.2%) and medical nutritional therapy (12.9%).
Maximum number of patients (n=51) had vaginal delivery
followed by caesarean section (n=34). Babies born to the
mothers in the study, majority were non-LGA (72.9%)
followed by LGA (27.10%).

Figure 1 shows the distribution of fasting serum
triglyceride levels according to Adult Treatment Panel 111
guidelines of national cholesterol education program.
Maximum subjects (49.4%) were having normal

triglyceride level followed by borderline triglyceride level
(25.9%) and high triglyceride level (24.7%).
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Figure 1: Distribution of patients based on fasting
serum TG level, (n=85).

Table 2 shows the comparison of mean values between
Non LGA and LGA group. Independent T test was applied.
Mean values of age, OGTT, FBS, PPBS were not
significant statistically whereas pre-pregnancy BMI and
Pregnancy weight gain comparison showed statistically
significant results.

Table 3 shows the mean value comparison of fasting serum
triglyceride in non LGA and LGA group and the values are
158.1+13.24 and 262+26.08 respectively. The mean
fasting serum TG in LGA group was higher when
compared to the non LGA groups. The comparison shows
statistically significant association between LGA and
fasting serum triglyceride.

Table 2: Predictors of foetal macrosomia in GDM mothers, (n=85).

Predictive variables

[\[o]gl ETAY LGA

Mean

95% ClI P value

(Mean = SD)

(Mean + SD)

difference

Age (Years) 29.5+3.6 28.3+4.5 1.26 -0.6, -3.1 0.192
Pre-pregnancy BMI 22.94+1.6 27.70+1.74 -4.76 (-5.5,-3.93) 0.000
Pregnancy weight gain 9.60+1.47 15.17+1.82 -5.57 (-6.3,-4.8) 0.000
OGTT 152.1+5.3 15148.3 0.46 -2.5-3.5 0.762
FBS 95.44+6.01 9749.55 -1.86 -5.3-1.5 0.287
PPBS 126.5+17.74 131.7+£22.3 -5.2 -14.4-4.05 0.267

Table 3: Fasting serum TG comparison, (n=85).

__ : Non LGA LGA Mean G
Predictive variables Mean + SD Mean + SD difference 95% CI P value
Fasting serum triglyceride  158.1+13.24 262+26.08 -104.1 (-112.7, -5.63) 0.000

Table 4: Pre-pregnancy BMI comparison, (n=85).

Pre-pregnancy BMI (Kg/m?)
Normal
Overweight and obesity

Non LGA, n (%)
50 (96.2)
12 (36.4)
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LGA, n (%)
2(3.8) 0.000
21 (63.6)
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Table 4 shows the pre-pregnancy BMI comparison
between LGA and Non LGA groups. Maximum number
of patients had normal pre-pregnancy BMI in the study.
Among the normal BMI category, 96.2% had non LGA
babies and 3.8% had LGA babies. Among the overweight
and obese category 63.6% had LGA babies and 36.4% had
non LGA babies. Pre-pregnancy BMI comparison shows
statistically significant results.

Table 5: Comparison based on mode of delivery,

(n=85).
. Non LGA, LGA, P
Mode of delivery n (%) n (%) value
Caesarean
section O 18 (529) 0.000

Vaginal delivery 46 (90.2) 5(9.8)

Table 5 shows the comparison of mode of delivery in non
LGA and LGA groups. Vaginal delivery was observed to
be very less in LGA group (9.8%). Caesarean section rate
was also high in LGA group (52.9%). Comparison results
based on mode of delivery was statistically significant.

Table 6: Comparison based on glycaemic control,
(n=85).

Glycaemic

control
Controlled 28 (70) 12 (30)
Uncontrolled 34 (72.9) 11 (24.4)

0.565

Table 6 shows the comparison of LGA and non LGA based
on their glycemic control. The 30% of study population
delivered LGA babies in spite of well controlled glycemic
status. Despite uncontrolled glycemic status, 72.9% of
study population delivered non LGA babies. Comparison
results of the glycemic control was statistically
insignificant.

The age and parity comparison between LGA and Non
LGA groups shows statistically insignificant results with
p=0.327 and 0.276 respectively. Similarly, FBS and PPBS
comparison between non LGA and LGA groups results
were statistically insignificant.

DISCUSSION

In normal pregnancies, the incidence of LGA newborn is
usually less than 10%. The incidence of macrosomia in
GDM is 15-45%. Macrosomia still complicates a
significant proportion of diabetic pregnancy. Although
diabetic mothers with poor glycemic control during
pregnancy are more likely to deliver macrosomia babies
than mothers with good glycemic control, strict glycemic
control sometimes fails to prevent macrosomia suggesting
abnormalities in protein and lipid metabolism in addition
to glucose metabolism. Therefore, predicting foetal
macrosomia in GDM is important in determining
obstetrical outcome.
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The findings of our present study indicated that pre-
pregnancy BMI, excessive pregnancy weight gain,
maternal fasting hypertriglyceridemia are an independent
and significant risk factors for delivering a macrosomia in
GDM mothers at term.

The normal pregnancy itself a hyperlipdemic state mainly
influenced by estrogen hormone. On the other hand,
dyslipidemia increases more with insulin resistance like in
GDM, obesity, etc. In our study, a positive correlation has
been observed between maternal fasting serum TG level
and newborn birthweight in GDM mothers. The mean
maternal fasting serum triglyceride level noted in our study
was 181.75+45 and it is similar with Mossayebi et al
(197.5+51) and Wang et al (173+59).14%°> The observed TG
values in LGA and non LGA in our study was
262.35+26.08 and 158.18+13.24 mg/dL respectively. The
observed values in the LGA group were significantly
higher when compared to the non LGA group. The
incidence of foetal macrosomia was also higher among
GDM mothers with hypertriglyceridemia. Son et al
observed 283.42 and 203.71 mg/dL in LGA and non LGA
group respectively.® In the study conducted by Gutaj et al
the values in LGA and non LGA were 231.16 and 205.48
respectively.” There was a significant rise in maternal
fasting serum TG level in LGA group than the non LGA
group and it was proved to be the most independent risk
factor for macrosomia in GDM mothers.

According to the literature it is known that maternal
obesity is a major risk factor for delivering a macrosomia
especially in GDM mothers. Our study results also confirm
this finding. The mean BMI observed in our study was
24.22+2.714 corresponds with the 23.2+4.1 and 22.6+2.3
observed by Son et al and Mossayebi et al respectively.46
Cruz et al reported that overweight and obesity in early
pregnancy was associated with foetal macrosomia.'® The
mean BMI comparison among LGA and non LGA are
27.7£1.74 and 22.94+1.6 respectively. Cruz et al and Son
et al observed similar finding in their study.*8 In contrary
to this finding Krstevska et al and Mossayebi et al found
no significant association with foetal macrosomia.'#® But
according to our study, GDM mothers who were
overweight and obese according to BMI classification tend
to have double the risk of delivering a macrosomia when
compared to GDM mothers with normal BMI. Alberico et
al and Knopp et al also supports this finding (p<0.001).2%%

According to Cruz et al excessive weight gain during
pregnancy was associated with fetal macrosomia.*® 41.5%
delivered macrosomic babies and 18.6% delivered non
macrosomic babies. The mean weight gain in pregnancy in
our study was 15.17+1.82 and 9.60+1.47 in LGA and non
LGA respectively. Excessive weight gain is found to be
the independent risk factor for foetal macrosomia in the
present study. Same observation had been reported by
Alberico et al in his study with p<0.001.2° But in contrary
to our finding Gutaj et al and Son et al reported no such
association between excessive weight gain and foetal
macrosomia, "6

Volume 12 - Issue 6 Page 1691



Bharathi DS et al. Int J Reprod Contracept Obstet Gynecol. 2023 Jun;12(6):1688-1693

According to Amarasingha et al study the percentage of
vaginal delivery was comparatively very less among LGA
groups.?? And clearly the rate of caesarean section was
high among the LGA group when compared with the non
LGA group. In our study the rate of caesarean section was
73.9% and 27.4% in LGA and non LGA group
respectively. Similar finding was observed by Essel and
Opai-Tetteh et al in their study with the caesarean rate of
40.54% in LGA group and 21.42% in non LGA group.?
Three-fold rise of caesarean delivery rate has been
observed in LGA group.

In the present study, no significant association found
between macrosomia and age, parity, screening OGTT
values, FBS, PPBS, Glycemic control and treatment
method. Still the association cannot be ruled out
completely because of smaller sample size. Causal relation
could not be established due to the nature of study design.
Fasting hypertriglyceridemia was found to be the most
independent risk for foetal macrosomia. Additionally
strong association between foetal macrosomia and pre-
pregnancy BMI and excessive weight gain in the
pregnancy has been observed in our study.

CONCLUSION

Foetal macrosomia is a common morbidity that can result
in complications to both mother and the foetus. GDM is a
known cause for macrosomia. Therefore, preventive
strategies are mainly focused on maintaining a near normal
glycemic levels. Despite good glycemic control some
patients deliver macrosomic babies. This suggested that
macrosomia is associated with abnormalities in protein
and lipid metabolism in addition to the glucose
metabolism.

It is observed that maternal fasting serum TG may be a
strong predictor of foetal size. Our study clearly pointed
out the usefulness of measuring serum TG in GDM
pregnancy. In addition to maternal hypertriglyceridemia,
pre-pregnancy BMI, excessive weight gain in pregnancy is
significantly associated with foetal macrosomia in GDM
mothers. Thus, suggesting that with a good Regulation
body weight before pregnancy, weight gain in pregnancy
and lipid profile, we can avoid macrosomia in GDM
pregnancies. Achieving an ideal body weight before
preghancy and avoiding excessive weight gain in
pregnancy should be the target in this high-risk group.

These results support the evaluation of lipid profile during
preghancy, which may be valuable in identifying and
quantifying the metabolic abnormality in GDM and in
predicting foetal outcome. This approach correlates well
with a secondary analysis of the hyperglycaemia and
adverse pregnancy outcome (HAPO) data showing an
independent effect of maternal obesity and glucose levels
on excessive foetal growth. In view of the studies
mentioned above, it is important not only to measure
glucose, but also to evaluate the lipid profile during
pregnancy with a particular emphasis on TG levels. Both
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have an impact on foetal growth and outcome. It is
especially relevant to advise women to avoid being obese
before pregnancy because the presence of a subclinical
metabolic dysfunction prior to conception subsequently
leads to the development of GDM during pregnancy, and
thus to adverse outcomes.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Ferrara A. Increasing prevalence of gestational
diabetes mellitus: a public health perspective.
Diabetes care 2007;30(2):141-6.

2. Jenum AK, Morkrid K, Sletner L, Vangen S, Torper
JL, Nakstad B et al. Impact of ethnicity of gestational
diabetes identified with the WHO and the modified
International Association of Diabetes and Pregnancy
Study Groups criteria: A population-based cohort
study. Eur J Endocrinol. 2012;166(2):317-24.

3. Carpenter MW. Gestational diabetes, pregnancy
hypertension, and late vascular disease. Diabetes Care
2007;30(2):246-50.

4. Olmos PR, Rigotti A, Busso D, Berkowitz L, Santos
JL, Borzone GR et al. Maternal hypertriglyceridemia:
A link between maternal overweight-obesity and
macrosomia in gestational diabetes. Obesity.
2014;22(10):2156-63.

5. Horosz E, Bomba Opon D, Wielogos M, Szymanska
M, Bartlkowink R. Effects of maternal lipids on the
fetal growth in gestational diabetes. Neuro Endocrinol
Lett. 2009;30(5):652-6.

6. Schaefer-Graf UM, Meitzner K, Ortega-Senovilla H,
Graf K, Vetter K, Abou-Dakan M et al. Differences in
the implications of maternal lipids on foetal
metabolism and growth between gestational diabetes
mellitus and control pregnancies. Diabet Med.
2011;28(9):1053-9.

7. Son GH, Kwon JY, Kim YH, Park YW. Maternal
serum triglycerides as predictive factors for large for
gestational age newborns with gestational diabetes
mellitus. Acta Obstet Gynecol Scand.
2010;89(5):700-4.

8. Sattar N, Greer IA. Pregnancy complications and
maternal cardiovascular risk: oppourtunites for
intervention and screening. BMJ.
2002;325(7356):157-60.

9. Nahavandi S, Seah JM, Shub A, Houlihan C, Ekinci
El. Biomarkers for macrosomia prediction in
pregnancies affected by diabetes. Front Endocrinol.
2018;9(10):407.

10. Schovanek J, Cibickova L, Ctvrtlik F, Tudos Z,
Karasek D, lacobone M et al. Hypoglycemia as a
symptom of neoplastic disease, with a focus on insulin
like growth factors producing tumors. J Cancer.
2019;10(26):6475.

Volume 12 - Issue 6 Page 1692



11.

12.

13.

14.

15.

16.

17.

18.

International Journal of Reproduction, Contraception, Obstetrics and Gynecology

Bharathi DS et al. Int J Reprod Contracept Obstet Gynecol. 2023 Jun;12(6):1688-1693

UNICEF-WHO-World Bank Group joint child
malnutrition estimates. Levels and trends in child
malnutrition. Available at:
https://www.who.int/nutgrowthdb/
estimates2014/en/. Accessed on 18 March 2023.
Godfrey KM, Barker DJP, Foetal programming and
adult health, Public Health Nutr. 2001;4(2b):611-24.
Kitajima M, Oka S, Yasuhi I, Fukuda M, Rii Y,
Ishimaru T. Maternal serum triglycerides at 24-
32weeks gestation and newborn weight in non
diabetic women with positive diabetic screens.
Obstetrics Gynecol. 2001;97(5):776-80.

Mossayebi E, Arab Z, Rahmaniyan M, Almaainokiani
F, Kabir A. Prediction of neonates macrosomia with
maternal lipid profile of healthy mothers. Paediatr
Neonatol. 2014;55(1):28-34.

Wang N, Ding Y, Wu J. Effects of pre-pregnancy
body mass index and gestational weight gain on
neonatal birth weight in women with gestational
diabetes mellitus. Early Hum Dev. 2018;124:17-21.
Son GH, Kwon JY, Kim YH, Park YW. Maternal
serum triglycerides as predictive factors for large for
gestational age newborns with gestational diabetes
mellitus. Acta Obstet Gynecol Scand.
2010;89(5):700-4.

Gutaj P, Ozegowska WE, Brazert J. Maternal lipids
associated with large-for-gestational-age birth weight
in women with type 1 diabetes: results from a
prospective single-center study. Arch Med Sci.
2017;13(4):753.

Cruz J, Grandia R, Padilla L, Rodriguez S, Hernandez
P, Lang J et al. Macrosomia predictors in infants born
to Cuban mothers with gestational diabetes. Int J
Health Serv. 2015;17:27-32.

19.

20.

21.

22.

23.

24.

Krstevska B, Jovanovska SM, Krstevska SS, Nakova
VV, Serafimoski V. Maternal lipids may predict fetal
growth in type 2 diabetes mellitus and gestational
diabetes mellitus pregnancies. Sec of Med Sci.
201;37(2-3):99-105.

Alberico S, Montico M, Barresi V, Monasta L,
Businelli C, Soini V et al. The role of gestational
diabetes, pre-pregnancy body mass index and
gestational weight gain on the risk of newborn
macrosomia: results from a prospective multicentre
study. BMC Pregnancy Childbirth. 2014;14(1):1-8.
Knopp RH. Hormone-mediated changes in nutrient
metabolism in pregnancy: a physiological basis for
normal foetal development. Ann NY Acad Sci.
1997;817(1):251-71.

Amarasingha S, Dinusha A A, Nasrina M F,
Hewawasam RP, De Silva De, Aruna M et al. Effect
of Maternal Lipid Levels during Late Pregnancy on
the Birth of Large for Gestational Age Newborns in a
Tertiary Care Setting in Southern Sri Lanka. J Clin
Diagn Res. 2018;12(6):9-14.

Essel JK, Opai-Tetteh ET. Macrosomia-maternal and
fetal risk factors. S Afr Med J. 1995;85(1):43-6.
Chandrasekar A, Karthiga PJ, Sundaram R.
Dyslipidemia-a cause for large for gestational age
babies in GDM women. Int J Med Sci.
2014;3(1):2320-3137.

Cite this article as: Bharathi DS, Akoijam U, Devi
KP, Singh YA, Kongkham TD, Gowdhami S et al.
Association of maternal serum triglycerides at term

and macrosomia in gestational diabetes mellitus. Int J
Reprod Contracept Obstet Gynecol 2023;12:1688-93.

Volume 12 - Issue 6 Page 1693




