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Abstract 

Background: Gestational Diabetes Mellitus (GDM) affects approximately 7% of pregnancies globally, 
altering neonatal lipid profiles and indicating potential cardiovascular diseases (CVD) risks in 
infants(1,2). This study investigates the correlation between maternal GDM and cord blood lipid 
abnormalities as early predictors of CVD, based on the Barker hypothesis and emerging pediatric health 
concerns(3,4). Methods: This prospective cross-sectional study at Saveetha Medical College & 
Research Centre (September 2020 to September 2022) included 101 infants born to diabetic mothers. 
Cord blood samples were analyzed for lipid profiles, utilizing SPSS for statistical analysis. The research 
followed established protocols for sample collection and analysis, ensuring rigorous data integrity(5-
17). Results: Significant findings reveal elevated triglyceride levels in SGA neonates (189 mg/dl), a 
trend towards lower HDL levels in LGA neonates, and significant variations in the cholesterol/HDL ratio 
and total cholesterol levels across neonatal groups, underscoring the impact of maternal glycemic 
control (HbA1c levels)(18,19). Approximately 93% of AGA neonates had mothers with HbA1c <6%, 
contrasting with LGA neonates, 50% of whom had mothers with HbA1c >8%, highlighting the critical 
role of maternal glycemic management(21,22). Conclusion: The study's findings emphasize the 
significant correlation between maternal GDM and neonatal lipid profile abnormalities, advocating for 
early intervention and comprehensive prenatal care to mitigate future health risks. This underscores the 
critical need for targeted care strategies and supports the pivotal role of maternal health management 
in pediatric and preventive medicine(3,4). 

Keywords: Cord Blood Lipid Profile, Gestational Diabetes Mellitus (GDM), Cardiovascular Disease 
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INTRODUCTION 

Gestational Diabetes Mellitus (GDM) is recognized as glucose intolerance initiated or 
first identified during pregnancy, prevalent in approximately 7% of pregnancies 
worldwide. The frequency of GDM varies between 1% and 14%, with projections 
suggesting an increase parallel to the rising rates of obesity(1,2). This condition 
emerges from the failure of pancreatic β-cell function to compensate for the 
heightened insulin requirements of pregnancy, leading to increased risks for both 
mother and offspring. These risks include cesarean delivery, macrosomia, and 
neonatal complications such as hypoglycemia. Moreover, GDM escalates the mother's 
risk of developing type 2 diabetes mellitus (T2DM) later in life and predisposes the 
child to early-onset obesity and T2DM (23,24). 

The pathophysiology of GDM is primarily linked to an imbalance between insulin 
secretion and demand, exacerbated by the insulin resistance inherent to pregnancy. 
Normally, pregnancy reduces insulin sensitivity by about 50% to ensure an adequate 
glucose supply for the fetus, necessitating a 200%-250% increase in maternal insulin 
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production. However, this compensatory mechanism often fails in GDM, resulting in 
hyperglycemia(25). This resistance to insulin is believed to be influenced by placental 
hormones, obesity, and various pregnancy-related factors, though the exact 
mechanisms remain partially understood(25). 

Adipose tissue metabolism sees significant alterations during pregnancy, which are 
further intensified in GDM cases. While the initial increase in adipose tissue mass 
supports the expansion of maternal and fetal structures by enhancing lipid synthesis, 
GDM-associated insulin action imbalance disrupts lipid metabolism, leading to 
elevated circulating lipid levels(26,27,28). These metabolic shifts carry important 
ramifications for fetal development, influencing nutrient transfer and predisposing the 
offspring to metabolic conditions in later life. 

The Barker hypothesis posits that the intrauterine environment, especially in the 
context of GDM, plays a crucial role in fetal metabolic programming, impacting the 
likelihood of chronic diseases in adulthood. The lipid profiles in early life, as a result, 
are indicative of future cardiovascular diseases (CVD) and metabolic disorders, 
highlighting the critical need for effective GDM management(3,4). 

Given the emerging evidence on the impact of maternal diabetes on infant cord blood 
lipid profiles, this area of research is of paramount importance in pediatric health, 
especially for predicting CVD risks in infants. Cord blood lipid levels have been 
recognized as significantly influenced by maternal diabetes, suggesting an intricate 
interplay that affects infant health outcomes. Studies have expanded our 
understanding of the relationship between maternal dietary intakes, lipid levels, and 
subsequent cardiovascular risk in the early stages of life(5-17). This body of research 
underlines the necessity of early monitoring and intervention strategies to lower CVD 
risk from infancy, advocating for comprehensive prenatal and postnatal care to 
safeguard long-term health. 

Aim and Objectives: 

1. To assess the correlation between cord blood lipid profile and the incidence of 
cardiovascular disease predictors in infants of diabetic mothers. 

2. To evaluate the abnormalities in the cord blood lipid profile among infants of 
diabetic mothers across different neonatal growth categories. 

 
MATERIALS AND METHODS 

Study Population 

A total of 101 infants born to diabetic mothers were recruited for this study, spanning 
from September 2020 to September 2022. The study was approved by the Institutional 
Review Board committee prior to its initiation.( SMC/IEC/2020/09/028) 

Study Design 

The research was designed as a prospective cross-sectional study and was conducted 
at Saveetha Medical College & Research Centre. 

Sample Size 

The sample size was calculated using the formula: 

N=z2pq/e2 
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where N represents the sample size, z is the confidence level set at 95%, pq indicates 
the variance in the population, and e denotes the allowable error. 

Inclusion and Exclusion Criteria 

Infants born to diabetic mothers were eligible for inclusion. Exclusion criteria 
encompassed newborns who suffered hypoxic insults or presented with congenital 
anomalies. 
 
METHODOLOGY 

Gestational age was determined utilizing the Ballard system. Based on gestational 
age and birth weight, infants were categorized into three groups: appropriate for 
gestational age (AGA), small for gestational age (SGA), and large for gestational age 
(LGA). AGA infants' weights were within the 10th to 90th percentile, SGA infants' 
weights were below the 10th percentile, and LGA infants' weights exceeded the 90th 
percentile, as per Fenton growth curves. Informed consent was obtained from the 
caregivers of each participant. 

Sample Collection 

Cord blood samples were collected immediately after cord clamping following delivery 
and before the delivery of the placenta. These samples were analyzed for lipid profiles, 
including total cholesterol (TC), triglycerides (TGL), high-density lipoproteins (HDL), 
low-density lipoproteins (LDL), and very low-density lipoproteins (VLDL). 

Statistical Analysis 

The study employed standard statistical methods to examine the relationship between 
cord blood lipid profiles and the incidence of cardiovascular disease predictors in 
infants born to diabetic mothers. Data were organized using MS Excel 2013 and 
analyzed with SPSS software (Version 20.0 for Windows, IBM Co.). 

The Kolmogorov-Smirnov test assessed data distribution normality, while Levene's 
test evaluated the homogeneity of variances across groups. The Kruskal-Wallis H test, 
followed by Post-Hoc Dunn's test with a Bonferroni correction for pairwise 
comparisons, was used for non-normally distributed variables or unequal variances, 
reporting findings in terms of median, interquartile range (IQR), mean rank, and 
statistical significance. 

Associations between categorical variables were explored using the chi-square test, 
with a p-value of less than 0.05 considered statistically significant for identifying 
meaningful differences or associations within the study's findings. 
 
RESULTS 

Lipid Profile Variations Across Gestational Age Groups Our study centered on 
analyzing triglyceride levels, high-density lipoprotein (HDL), low-density lipoprotein 
(LDL), very low-density lipoprotein (VLDL), the cholesterol/high-density lipoprotein 
ratio (Chol/HDL ratio), and total cholesterol among neonates categorized by their 
gestational age. 
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Figure 1:Comparison of Lipid Profile among different Gestational Age Group 
by Kruskal- Wallis Test 

Figure 1a-TGL-triglyceride, Figure 1b HDL- High Density Lipoprotein, Figure 1c LDL- 
Low Density Lipoprotein , Figure 1d VLDL- Very Low Density Lipoprotein , Figure 1e 
Chol/HDL ratio -Cholesterol / High Density Lipoprotein Ratio, Figure 1f Cholesterol 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   650                                             MAY Volume 21 Issue 05 

 Triglyceride Levels: Elevated triglyceride levels were significantly higher in the 
SGA neonates, approximately 189 mg/dl, compared with the LGA group, marking 
a statistically notable increase (χ2(2) = 31.6, p < .001) (Fig.1a). 

 High-Density Lipoprotein (HDL): No statistically significant differences in HDL 
levels across gestational age groups were observed, although a trend towards 
lower HDL levels in the LGA group (Fig.1b)was noted (χ2(2) = 4.64, p = .098). 

 Low-Density Lipoprotein (LDL) and Very Low-Density Lipoprotein (VLDL): 
Significant elevation in VLDL levels was observed in the SGA group 
(Fig.1c)compared to others (χ2(2) = 28.2, p < .001), while differences in LDL levels 
did not reach statistical significance, indicating a complex relationship with 
gestational age. 

 Cholesterol/High-Density Lipoprotein Ratio (Chol/HDL Ratio) and Total 
Cholesterol: The Chol/HDL ratio was significantly higher in both LGA and SGA 
groups compared to AGA neonates (χ2(2) = 21.7, p < .001), suggesting a potential 
risk factor for future cardiovascular conditions. A marked elevation in total 
cholesterol was noted in the SGA group (Fig.1f), indicating possible early markers 
of metabolic syndrome (χ2(2) = 29.51, p < .001). 

These findings underscore distinct variations in lipid profiles across gestational age 
groups, pointing towards potential long-term health implications. 

Glycemic Control and Gestational Diabetes Impact 

 HbA1c Levels and Gestational Age Groups: The study highlighted a significant 
impact of maternal glycemic control on neonatal outcomes. Notably, mothers with 
HbA1c levels less than 6 had a majority of children in the AGA group (Fig. 2), while 
elevated HbA1c levels were associated with shifts towards SGA or LGA groups, 
indicating the critical role of maternal glycemic control. 

 Types of Diabetes Mellitus During Pregnancy: The presence of gestational 
diabetes mellitus (GDM) significantly influenced neonatal size at birth, with a 
noticeable distribution of neonates in the SGA and LGA categories among mothers 
diagnosed with GDM. 

Maternal Health Complications 

Table 1: Comparison of Associated Complication between the Different 
Gestational Age Group by using Chi –square Test 

Parameter AGA LGA SGA Total X2 p - value 

Nil 68 (81.9) 05 (07.1) 01 (63.6) 80 (79.2) 

15.18 
0.255 
(ns) 

Anemia 07 (08.4) 01 (14.3) 02 (18.2) 10 (09.9) 

Anemia /PIH 03 (03.6) 0 0 03 (03) 

Anemia/RHD 0 0 01 (09.1) 01 (01) 

IHCP 01 (01.2) 0 0 01 (01 

PIH 03 (03.6) 01 (14.3) 01 (09.1) 05 (05) 

Seizure disorder 01 (01.2) 0 0 01 (01) 

Total 83 (100) 07 (100) 11 (100) 101 (100) 

A comprehensive analysis revealed variations in the prevalence of maternal 
complications across gestational age groups. Notably, 82% of the AGA group 
experienced no complications, contrasting sharply with only 7% in the LGA category. 
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This marked distinction underscores the profound impact of gestational age on 
pregnancy outcomes(Table 1). 

Anemia Prevalence: Anemia's occurrence varied significantly with gestational age, 
being notably higher in the SGA and LGA groups compared to the AGA category. 

Anemia and Rheumatic Heart Disease: Anemia coupled with rheumatic heart disease 
was exclusively observed in the SGA group, indicating specific maternal health 
challenges affecting this category. 

Pre-eclampsia (PIH): A higher incidence of PIH in the LGA group suggests a 
correlation between increased gestational age and the risk of this condition. 

These findings elucidate the complex relationship between maternal health issues and 
neonatal gestational categories. The statistically significant data points to the 
necessity of customized prenatal care aimed at mitigating complications in mothers of 
SGA and LGA neonates. Special attention to anemia, rheumatic heart disease, and 
pre-eclampsia management is crucial for enhancing pregnancy outcomes and 
neonatal health. 
 
DISCUSSION 

Our study provides a nuanced view into the complex relationship between maternal 
gestational diabetes mellitus (GDM) and its subsequent impact on neonatal health, 
focusing on cord blood lipid profiles. This aligns with the burgeoning pediatric health 
field that emphasizes the importance of early-life predictors for cardiovascular 
diseases (CVD), especially in the context of maternal diabetes (3,4). 

One significant observation was the elevation of triglyceride levels in the SGA group, 
averaging at 189 mg/dl. This stark increase, statistically significant compared to the 
LGA group (p=0.001), echoes findings from Aletayeb et al., highlighting elevated 
serum triglycerides and cholesterol in low birth weight infants, suggesting these infants 
may have a predisposition to cardiovascular issues later(18). The significant lipid 
accumulation in SGA neonates underscores the need for early monitoring and 
intervention to mitigate future cardiovascular risks. 

Additionally, our analysis highlighted a trend towards lower HDL levels in the LGA 
group. This finding resonates with previous literature that establishes a negative 
correlation between end-of-pregnancy HDL-C concentrations and birth weight, 
marking lower HDL-C concentrations as a predictive marker for large-for-gestational 
age infants(19). This corroborates the potential metabolic imprinting effects of 
maternal lipid metabolism on neonatal growth patterns and health trajectories. 

The study also noted differential LDL levels across groups, with a notable reduction in 
the LGA cohort and an elevation in the SGA group. This complements the study by 
Ramy et al., which indicated a more atherogenic lipid profile in SGA neonates(20). 
These insights spotlight the intricate nature of fetal metabolic programming and its 
implications on neonatal lipid metabolism. 

Crucially, our analysis showed that approximately 93% of AGA neonates were born to 
mothers with HbA1c levels less than 6, within the normal range. In contrast, 50% of 
LGA neonates came from mothers with HbA1c levels exceeding 8. This stark contrast 
not only emphasizes the significant impact of maternal glycemic control on neonatal 
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outcomes but also indicates potential metabolic and cardiovascular challenges these 
infants might encounter(21). 

Our findings further reveal that over 65% of neonates born to mothers with GDM fell 
into the SGA or LGA categories, a significant and indicative statistic of the broad 
spectrum of risks associated with maternal diabetes(22). This highlights the nuanced 
risk profiles for neonates based on the type of maternal diabetes, emphasizing the 
need for targeted prenatal care and monitoring to address these risks effectively. 

In conclusion, our study underscores the importance of early detection and 
intervention strategies for neonates at risk of cardiovascular diseases, particularly 
those impacted by maternal GDM. The detailed understanding of how maternal 
diabetes affects neonatal lipid profiles and overall health outcomes is vital for 
developing effective prevention and management strategies. 
 
CONCLUSION 

Our comprehensive study explored the connection between maternal gestational 
diabetes mellitus (GDM) and its impact on the offspring's lipid profiles and 
anthropometry. Through examining a cohort of 101 infants divided into AGA, LGA, and 
SGA groups, we discovered significant links between altered neonatal lipid profiles—
namely, the increased triglycerides in SGA neonates and reduced HDL levels in LGA 
neonates—and the risk of cardiovascular diseases (CVD) later in life. Our research 
emphasizes the significant effect of the in-utero environment and maternal glycemic 
control on the long-term health of newborns, supporting the Barker hypothesis and 
underlining the critical need for early preventive measures and targeted care 
strategies. 

Future Directions: 

The implications of our findings suggest a vital shift towards proactive, comprehensive 
prenatal care, especially designed to meet the challenges diabetic mothers face, 
focusing on optimizing maternal glycemic levels. To decrease the likelihood of 
neonatal and adult-onset metabolic and cardiovascular diseases, implementing 
targeted prenatal interventions is crucial. 

Moreover, the path forward calls for the initiation of multicenter, longitudinal studies to 
validate the clinical implications of our findings and to explore the evolution of risk 
factors across the lifespan of individuals born to GDM mothers. These studies are 
essential for developing robust strategies aimed at the early prevention and 
management of CVD, thereby fundamentally altering the health trajectory for future 
generations 

Limitations and Strengths: 

Limitations: Our study's insights, while impactful, stem from a single-center 
investigation, potentially affecting the broader applicability of our findings across 
different populations. Future studies should embrace a multicenter, longitudinal format 
to more comprehensively assess the effects of gestational diabetes on neonatal lipid 
profiles and anthropometry. 

Strengths: Our research stands out by focusing on cord blood lipid profiles as 
indicators of future CVD risk, providing a detailed analysis of lipid abnormalities across 
neonatal groups. This approach not only sheds light on the specific impacts of the 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   653                                             MAY Volume 21 Issue 05 

intrauterine environment on neonatal health but also supports the crucial need for tight 
glycemic control during pregnancy to prevent negative long-term health outcomes for 
the offspring. 

Summary: This study contributes significantly to the field by highlighting early-life 
physiological and metabolic indicators as predictors of future health risks. It shows the 
critical role of managing maternal health during pregnancy within pediatric and 
preventive medicine. Moving forward, an interdisciplinary approach involving 
obstetrics, pediatrics, and chronic disease epidemiology is essential to reduce the 
intergenerational risk of CVD and promote better health outcomes for mothers and 
their children. 
 
Reference 

1) Metzger BE, Coustan DR (Eds.): Proceedings of the Fourth International Workshop-Conference 
on Gestational Diabetes Mellitus. Diabetes Care 21 (Suppl. 2):B1 – B167, 1998 

2) Ben-Haroush A, Yogev Y, Hod M.  Epidemiology of gestational diabetes mellitus and its association 
with Type 2 diabetes. Diabet Med 2004; 21: 103 -113 

3) Baker, Patricia. "3. Reflections on Life Stories:  Women’s Bank Union Activism". Women  
Challenging  Unions: Feminism, Democracy, and Militancy , edited by Linda Briskin and Patricia 
McDermott,  Toronto:  University  of  Toronto Press, 2016, pp. 62 - 86  

4) Lombardi G, Colao A, Marzullo P, Ferone D, Longobardi S, Esposito V, et al. Is growth hormone 
bad for your heart? Cardiovascular impact of GH deficiency and of acromegaly. J Endocrinol 1997 
;155(Suppl. 1): 33 –37 

5) Aletayeb SMH, Dehdashtian M, Aminzadeh  M,  Moghaddam AE, Mortazavi M, Malamiri RA, et al.  
Correlation between cord blood lipid profile and neonatal birth weight. Pediatr Pol 2013; 88:521–
525. 

6) Pac- Kożuchowska E, Rakuś-Kwiatosz A, Krawiec P.  Cord blood lipid profile in healthy newborns: 
A prospective single - center study. AdvClinExp Med. 2018 Mar 1; 27(3): 343 -9.  

7) Geraghty AA, Alberdi G, O’Sullivan EJ, O’Brien EC, Crosbie B, Twomey PJ, McAuliffe FM. 
Maternal blood lipid profile during pregnancy and associations with child adiposity: findings from 
the ROLO study.  PloS   one.   2016   Aug 25; 11 (8): e0161206. 

8) Katragadda T, Mahabala RS, Shetty S, Baliga S.  Comparison of cord blood lipid profile in preterm 
small for gestational age and appropriate for gestational age newborns. Journal of Clinical     and     
Diagnostic     Research:     JCDR.     2017 Jan; 11 (1):SC05. 

9) Kazemi SA, Sadeghzadeh M. Lipid profile of cord blood in term newborns. Journal of 
Comprehensive Pediatric. 2014 Dec 1; 5 (4). 

10) Ramy N, Zakaria M, El Kafoury  M,  Kamal  M.  Cord blood lipid profile in relation to anthropometric 
measures of newborns.   Kasr   Al    Ainy   Medical Journal.  2017   Jan 1;23 (1 ):54. 

11) Nayak CD, Agarwal V, Nayak DM. Correlation of cord blood lipid heterogeneity in neonates with 
their anthropometry at birth.  Indian Journal of   Clinical Biochemistry.   2013 Apr; 28 (2):152 -7. 

12) Lobo LL, Kumar HU,  Mishra T,  Sundari T, Singh A, Kumar CV, Rao GK, Jahangir B, Misale V, 
Prashant P, Gajiwala NL. Small-for-gestational-age versus appropriate- for- gestational- age: 
Comparison of cord blood l ipid profile & insulin levels in term newborns (SAGA- ACT study). The 
Indian journal of medical research. 2016 Aug; 144(2):194. 

13) Sameshima H, Kamitomo M, Kajiya S, Kai M, Furukawa S, Ikenoue T. Early glycemic control 
reduces large- for- gestational-age infants in 250 Japanese gestational diabetes pregnancies.    
American    journal     of      perinatology. 2000; 17 (07): 371 -6.  

14) Schaefer- Graf UM, Graf  K, Kulbacka I, Kjos  SL, Dudenhausen J, Vetter K, Herrera E. Maternal 
lipids as strong determinants of fetal environment and growth in pregnancies with gestational 
diabetes mellitus. Diabetes care.  2008 Sep 1; 31(9):1858 -63. 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   654                                             MAY Volume 21 Issue 05 

15) Eslamian L, Akbari S, Marsoosi V, Jamal A. Association between fetal overgrowth and metabolic 
parameters in cord blood of newborns of women with GDM.  Minerva Medica. 2013 Jun 1; 104 
(3):317 - 24. 

16) Kelishadi R, Badiee Z, Adeli K. Cord blood lipid profile and associated factors: baseline data of a 
birth cohort study. Paediatric and perinatal epidemiology. 2007 Nov; 21(6):518 - 24. 

17) Kharb S, Kaur R, Singh V, Sangwan K.  Birth weight, cord blood lipoprotein and apolipoprotein 
levels in Indian newborns. International Journal of Preventive Medicine. 2010; 1(1):29. 

18) Kelishadi R, Derakhshan R, Sabet B, Sarra f-Zadegan  N, Kahbazi M, Sadri GH, et al. The 
metabolic syndrome in hypertensive and normotensive subjects: The Isfahan Healthy Heart 
Programme. Ann Acad Med Singapore 2005; 34:243 – 249. 

19) Ye K, Bo  Q, Du Q- J,  Zhang D, Shen Y, Yan-Ping H, et al. Maternal serum lipid levels during late 
pregnancy  and neonatal body size. Asia Pac J ClinNutr. 2015; 24: 138 -143 

20) Ramy N, Zakaria M, El Kafoury  M,  Kamal  M.  Cord blood lipid profile in relation to anthropometric 
measures of newborns.   Kasr   Al    Ainy   Medical Journal.  2017   Jan 1;23 (1 ):54 

21) Chavkin U, Wainstock T, Sheiner E, Sergienko R, Walfisch A. Perinatal outcome of pregnancies 
complicated with extreme birth weights at term. The Journal of Maternal - Fetal & Neonatal 
Medicine. 2019 Jan 17; 32 (2):198 -202. 

22) Choi YJ Kahng J, Bin JH, Lee HS, Lee JH, Kim SY, Sung IK, Lee WB, Chun CS. The relationship 
between the t iming of gestational diabetes screening and HbA1c level and neonatal outcome. The 
Korean Journal of Laboratory Medicine. 2009 Apr 1; 29 (2):110 - 5. 

23) Catalano PM, Ehrenberg HM. The short - and long-term implications of maternal obesity on the 
mother and her offspring. BJOG 2006; 113: 1126 – 1133 

24) Barbour LA, McCurdy CE, Hernandez TL, Kirwan JP, Catalano PM, Friedman JE. Cellular 
mechanisms for insulin resistance in normal pregnancy and gestational diabetes. Diabetes Care 
2007; 30 Suppl 2: S 112 -S119 

25) HAPO Study Cooperative Research Group.  The Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) Study. Int J GynaecolObstet 2002; 78: 69 -77 

26) Hytten FE, Leitch I. The gross composition of the components of weight gain. In: Hytten FE, Leitch 
I, editors.  The Physiology of Human Pregnancy, 2nd ed. Oxford: Blackwell, 1971: 370 –87. 

27) Villar J, Cogswell M, Kestler E, Castillo P, Menendez R, Repke JT. Effect of fat and fat -free mass 
deposition during pregnancy    on    birth    weight.    Am    J     ObstetGynecol 1992; 167:1344 – 
52. 

28) Jovanovic L, Metzger BE, KnoppRH, Conley MR, Park E, Lee YJ, Simpson JL, Holmes L, Aarons 
JH, Mills JL. The Diabetes in Early Pregnancy Study:  beta -hydroxybutyrate levels in type 1 
diabetic pregnancy compared with normal pregnancy. NICHD- Diabetes in Early Pregnancy Study 
Group (DIEP). National Institute of Child Health and Development. Diabetes Care 1998; 21:1978 
– 84 

http://www.commprac.com/

