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Abstract

Background
In pregnancy, women experience physiological changes which could increase 
the risk of insulin resistance, and metabolic syndrome later in life. This study 
assessed the risk of future metabolic syndrome among pregnant women with 
either glycosuria or proteinuria at different gestational ages. 
Methods
Eight-Six participants were recruited from health facilities in South-west, Nigeria 
and they were in three categories: those with glycosuria (n = 32), proteinuria 
(n = 27), and control (n = 27), based on urinalysis result. Data were analyzed 
using IBM SPSS Statistics for Windows version 25.0 (IBM Corp, Armonk, NY, 
USA). Groups were compared using one way ANOVA.  Association between the 
variables was determined using Pearson correlation. Linear regression analysis 
was performed to predict the risk of future metabolic syndrome.
Results
Participants with glycosuria, proteinuria and control were 29.19 (SD 6.04), 27.15 
(SD 4.37) and 25.74 (SD 4.67) years respectively. Glycosuria group had higher (P 
= 0.01) triglycerides, HOMA-IR, and a-positive association (P = 0.001) between, 
FBG and HBA1C. Linear regression analysis predicted future risk of metabolic 
syndrome (P< 0.05) for those with glycosuria and proteinuria respectively with 
their plasma insulin values. 
Conclusion
Healthy volunteers with glycosuria and proteinuria are at greater risk of developing 
metabolic syndrome.
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Introduction

A waning physiologic response of the target 
tissues to either endogenous or exogenous 
insulin is referred to as insulin resistance.
[1] In a typical pregnancy, maternal tissues 
lose sensitivity to insulin.[2] Reduction in 
insulin sensitivity has been observed in 
some pregnant individuals with increasing 
gestation despite having normal glucose 
tolerance; and, similar observation has 
been recorded in those with gestational 
diabetes.[1] In addition, during pregnancy, 
endogenous insulin secretion in women 
with diabetes is insufficient.[3] 

It has been observed that insulin resistance 
is associated with diabetes mellitus, 
cardiovascular disease, dyslipidaemia, 
hypertension, obesity, and other 
abnormalities,[4,5] which are components 
of metabolic syndrome. Thus, insulin 
resistance in pregnancy has been adjudged 
to be the basis for many metabolic 
complications[6] and it is a known fact 
that maternal resistance to insulin during 
pregnancy increases as the gestational 
age increases.[7] This becomes necessary 
to improve the foetus glucose requirement 
during pregnancy.[8,9] Insulin resistance 
is a foremost cause of hyperglycemia in 
pregnancy which may result in gestational 
diabetes mellitus that is seen in about 14.0% 
of all pregnancies worldwide and 14.2% 
in Africa.[10] Unfortunately, the majority 
of these cases are found in developing 
countries.[10] It appears that the metabolic 
syndrome is primarily mediated by insulin 
resistance.[11]

Excretion of simple sugar (glucose) in the 
urine of humans has been termed glycosuria 
and this could be caused by many factors.[12] 
When this occurs in pregnancy, it may hint 
at likely impending harmful consequences 
in both the pregnancy and the life course.
[13] Conversely, proteinuria is characterized 
by elevated protein in the urine. While it is 
generally known that proteinuria may be a 
sign of kidney damage and kidney disease 
progression,[14] the amount of proteinuria 
in pregnancy tends to increase; and recent
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studies suggest that the severity may not 
impact negatively on prospective mother 
and baby.[14,15,16] The reoccurrence 
of any of these two or both (glycosuria 
and proteinuria) in pregnancy may be a 
future risk factor for the pathogenesis of 
metabolic syndrome among the affected 
pregnant women in Nigeria. Therefore, in 
this study, we assessed the possibility of 
future pathogenesis of metabolic syndrome 
in pregnant women with glycosuria and 
proteinuria at different trimesters. 

Study Design and Population 
A case-control cross-sectional research 
consisting of 86 consenting pregnant 
women aged 18-49 attending clinic at 
Primary Health Centers and a Tertiary 
Hospital in Sagamu, Ogun state, Nigeria 
was undertaken.  The study was conducted 
between July to November 2021. The 
participants were split into three groups: 
group 1 consisted of 32 pregnant women 
who had glycosuria in the second and third 
trimesters; group 2 consisted of 27 pregnant 
women who had proteinuria in the same 
trimesters; and group 3, which served as 
the control group, consisted of 27 pregnant 
women who did not have either proteinuria 
or glycosuria in the same trimesters. The 
sample size was determined based on the 
published prevalence of 5.8% of glycosuria 
and proteinuria among Nigerian pregnant 
women.[17] 

Inclusion criteria
Volunteers included in this study were 
apparently healthy non-hypertensive and 
non-diabetic pregnant women between 
18years and 49years with either glycosuria, 
or proteinuria and pregnant women with 
neither glycosuria nor proteinuria (control). 
Exclusion criteria
Participants excluded from this study were 
pregnant women aged 18-49 with medical 
history of diabetes, hypertension, liver 
disease, kidney disease, dyslipidemia, 
cardiovascular disease, and haematological 
disorder such as sickle cell anaemia.



Ethical Consideration 
Approval for this study was sought 
and obtained from the research and 
ethics committee of Olabisi Onabanjo 
University Teaching Hospital (OOUTH/
HREC/428/2021AP) Sagamu Ogun State. 
Prior to the commencement of this study, 
informed consent was obtained from each 
participant who volunteered to be enrolled.  

Results

Anthropometric Data and blood pressure 
values: 
Eighty-six (86) participants comprising of 
59 pregnant women with either glycosuria 
or proteinuria and 27 pregnant women with 
neither glycosuria nor proteinuria (control) 
participants were involved. Among the 59 
tested pregnant women, 32 had glycosuria 
(urinalysis glucose positive) while 27 had 
proteinuria (urinalysis protein positive). 
Table 1 shows the anthropometric data 
of the volunteers. The mean age of the 
participants with glycosuria, proteinuria, 
and control participants were 29.19 (SD 
6.04), 27.15 (SD 4.37), and 25.74 (SD 4.67) 
years respectively. The systolic and diastolic 
blood pressure, weight, height, and waist 
circumference between the participants with 
glycosuria, participants with proteinuria, 
and control group were not significantly 
different (P > 0.05).
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Sample Collection, Preservation, and 
analysis
About 20ml of urine was aseptically collected 
from the participants into labeled sterile 
screw-top universal bottles for urinalysis 
while 10ml of venous blood samples were 
obtained using vacutainer needles into 
plain tube, lithium heparin EDTA tube 
and fluoride oxalate tube respectively. The 
samples were processed and stored under 
appropriate temperature for further analysis. 
The urine glucose and urine protein were 
tested with dipstick urinalysis Dus combi 3 
strips. Basic anthropometric measurements 
of height, weight, waist circumference were 
measured, and BMI determined. The blood 
pressure of each consenting volunteer was 
also measured.

Laboratory estimations of fasting blood 
glucose (FBG), glycated haemoglobin 
(HbA1c), fasting total cholesterol (T.Chol), 
Triglycerides (TG), Serum Creatinine, Urea 
and Insulin concentration were carried out. 
A mathematical model was employed to 
assess a possible risk of insulin resistance.
[18]

Statistical Evaluation
Data generated from this study were 
subjected to analysis using IBM SPSS 
Statistics for Windows version 25.0 (IBM 
Corp, Armonk, NY, USA).  Variables that 
were normally distributed were expressed 
as mean ± standard deviation (M±SD). 
Analysis of variance (ANOVA) was employed 
to compare the mean differences between 
the groups studied. Post-hoc analysis was 
conducted to ascertain the exact point of 
significant difference observed in the ANOVA. 
Pearson correlation study was employed 
to determine the extent of relationships 
between all the parameters in each group. 
The future risk of metabolic syndrome was 
accessed using linear regression analysis. 
The P value less than 0.05 was set as the 
level of significant.
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Table 1. Anthropometric Data and blood pressure values
Variable Glycosuria 

Mean (SD)

Proteinuria 

Mean (SD)

Control 

Mean (SD)

F value p-value

Age (years) 29.19 (6.04) 27.15 (4.37) 25.74 (4.67) 3.363 0.039 
Systolic BP (mmHg) 103.59 (10.02) 101.56 (12.92) 98.70 (9.57) 1.481 0.233
Diastolic BP (mmHg) 71.25 (6.09) 68.52 (11.99) 67.78 (8.47) 1.233 0.297
Weight (kg) 63.59 (12.53) 69.89 (13.1) 63.41 (14.71) 2.093 0.130
Height (m) 1.57 (0.07) 1.58 (0.06) 1.56 (0.06) 0.505 0.605
BMI (Kg/m2) 25.90 (4.92) 28.09 (5.23) 26.17 (6.57) 1.290 0.281
Waist circumference 
(in)

35.70 (5.61) 36.07 (4.22) 35.00 (4.39) 0.345 0.709
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Evaluation of biochemical variables in 
Pregnant Women with Glycosuria and 
those with proteinuria
The fasting blood glucose, HBA1c, and 
total cholesterol in pregnant women 
with glycosuria and control participants 
were similar (P > 0.05). However, TG was 
significantly higher (Table 2) in glycosuria 
participants compared with control 
participants (P = 0.01). 

Fasting blood glucose, HBA1c, and total 
cholesterol in pregnant women with 
proteinuria and control participants were 
similar (P > 0.05). However, TG was higher in 
participants with proteinuria (Tables 2, and 
3) when compared with pregnant volunteers 
with neither glycosuria nor proteinuria 
participants (P < 0.05)

Table 2. Comparative evaluation of biochemical variables in Pregnant Women with 
Glycosuria and those with proteinuria
Variable Glycosuria 

Mean (SD)
Proteinuria 
Mean (SD

Control Mean 
(SD

F-value P-value

Fasting blood 
glucose (mmol/L)

5.63 (1.82) 5.45 (0.64) 5.23 (0.49) 0.783 0.460

Insulin Conc. 
(µiU/mL)

8.26 (5.46) 6.46 (3.36) 6.30 (2.97) 2.060 0.134

HOMA-IR 2.09 (1.41) 1.59 (0.84) 1.48 (0.7) 2.841 0.064
Total. Cholesterol 
(mg/dl)

189.44 (35.63) 200.11 (34.3) 188.59 (42.54) 0.808 0.449

Triglyceride (mg/
dl)

107.44 (45.15) 120.59 (65.51) 78.22 (40.85) 4.857 0.01 

Urea (mg/dl) 21.72 (6.5) 20.33 (6.26) 18.70 (3.27) 2.120 0.127
Creatinine (mg/dl) 0.83 (0.2) 0.96 (0.65) 0.77 (0.15) 1.519 0.225
Glycated 
Haemoglobin (%)

5.29 (1.35) 5.08 (0.37) 4.92 (0.31) 1.321 0.272



Table 4. Linear regression to predict future metabolic syndrome among the 
participants with glycosuria and proteinuria respectively
Independent 
variables

R2 Constant Beta P-value 95% CI 

Participants with Glycosuria
Fasting blood 
glucose 
(mmol/L)

0.149 0.411 0.298 0.029 0.032-0.564

Fasting 
Insulin 
(mIU/mL)

0.862 0.112 0.239 <0.001 0.203-0.275

Total 
Cholesterol 
(mg/dL)

0.006 2.646 -0.003 0.685 -0.018-0.01

Triglycerides 
(mg/dL)

0.318 0.201 0.018 0.001 0.008-0.027

Glycated 
Haemoglobin 
(%)

0.269 -0.773 0.541 0.002 0.209-0.873

Participants with Proteinuria
Fasting blood 
glucose 
(mmol/L)

0.000 1.529 0.012 0.965 -0.533-0.557

Fasting 
Insulin 
(mIU/mL)

0.908 0.049 0.239 <0.001 0.208-0.270

Total 
Cholesterol 
(mg/dL)

0.041 2.591 -0.005 0.309 -0.015-0.005

Triglycerides 
(mg/dL)

0.015 1.782 -0.002 0.546 -0.007-0.004

Glycated 
Haemoglobin 
(%)

0.001 1.290 0.060 0.897 -0.879-0.998

Dependent variable: HOMA-IR
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Table 3. Tukey Post Hoc analysis for the significant ANOVA test for Triglyceride
Variable Mean difference P-value
Glycosuria Proteinuria -13.16 0.590

Control 29.22 0.080
Proteinuria Glycosuria 13.16 0.590

Control 42.37 0.009 
Control Glycosuria -29.22 0.080

Proteinuria -42.37 0.009 

Among participants with glycosuria linear 
regression analysis, predicted the risk of 
future metabolic syndrome with fasting 
blood glucose, insulin, glycated haemoglobin 
and

TG values, whereas, among pregnant 
women with proteinuria fasting insulin 
value predicted the risk of future metabolic 
syndrome.
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Pearson correlation between the variables 
measured in participants with glycosuria 
and those with proteinuria.
A positive association existed between 
HOMA-IR and TG as presented in Figure 1 (r 
= 0.564, P = 0.001), and Figure 2 showed a 
strong positive relationship between fasting 
blood glucose and glycated haemoglobin (r 
= 0.830, P < 0.001) in pregnant women with 
glycosuria. 
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A similar relationship (Figure 3) was seen 
between FBG and HBA1c (r=0.854, p<0.001) 
in pregnant women with proteinuria. 
However, contrary to what was observed 
in pregnant women with glycosuria, there 
was no association between HOMA-IR 
and Triglyceride in pregnant women with 
proteinuria (Figure 4). 

Figure 1. Pearson Correlation between HOMA-IR and Triglycerides in Pregnant 
Women with Glycosuria

Figure 2. Pearson Correlation between FBG and HBA1C in Pregnant Women with 
Glycosuria
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Figure 3. Pearson Correlation between FBG and HBA1C in Pregnant Women with 
Proteinuria

Figure 4. Pearson Correlation between HOMA-IR and Triglycerides in Pregnant 
Women with Proteinuria      
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Discussion 

In this study we assessed the likelihood 
of developing diabetes mellitus, and by 
extension metabolic syndrome among non-
diabetic pregnant Nigerian women with 
glycosuria, and those with proteinuria at 
second and third trimesters gestational 
ages. Based on anthropometric data 
obtained from the consented volunteers, it 
was observed that the mean ages of pregnant 
women who presented with glycosuria and 
those who presented with proteinuria were 
more advanced than those who had neither 
glycosuria nor proteinuria. This observation 
aligns with the earlier literatures where it 
was reported that ageing was a major factor 
predisposing women within the reproductive 
age to gestational diabetes.[19-21] Thus, 
older pregnant women may present with 
advanced risk of insulin resistance and 
gestational diabetes leading to glycosuria.
[22] 
Also, the systolic and the diastolic blood 
pressure measurements were similar among 
all the group volunteers studied. However, 
it has been observed that excess proteinuria 
in pregnancy may be a sign of preeclampsia.
[23] Preeclampsia during pregnancy results 
in complications. Proteinuria as observed 
in this study may indicate isolated de-novo 
proteinuria.[14] Nevertheless, because 
the pregnant women with proteinuria had 
gestational age greater than 20 weeks, 
this suggests a subset of isolated de-
novo proteinuria known as gestational 
proteinuria.[14,24] A possible explanation 
for this has been attributed to the maternal 
factors other than those associated with 
the initiation of preeclampsia.[14] It has 
been reported that about half of individuals 
with this type of proteinuria may present 
with preeclampsia despite the normal blood 
pressure measurement.[25]

Furthermore, pregnant women with 
proteinuria had higher levels of triglycerides 
(TG)  compared with the other groups 
studied. Elevated triglyceride in pregnancy 
has been reported to cause complications in 
both the mother and fetus.[26,27] 
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An elevated triglycerides in pregnancy has 
been related to greater threat of preeclampsia 
to the woman and other complications to the 
fetus.[28] In addition, elevated triglycerides 
is associated with an increased risk of 
future type 2 diabetes mellitus.[29] In a 
recent study, it was concluded that elevated 
triglyceride in rare cases could trigger acute 
pancreatitis among pregnant women with a 
possible devastating outcome.[30] 

Moreover, it was observed that pregnant 
women with glycosuria, presented with 
highly significant positive association 
between HOMA-IR and triglyceride. This 
observation is similar to the finding 
from a recent study where elevated level 
of triglyceride was positively related to 
hyperinsulinemia observed after meal.
[31] This was not so in pregnancy with 
proteinuria. Although, this study found 
no significant link between HOMA-IR and 
total cholesterol in both pregnancy with 
glycosuria and proteinuria, however, it did 
observe a relationship between fasting blood 
glucose and HBA1c in pregnant women with 
glycosuria.  A compelling positive connection 
between fasting blood glucose and HOMA-IR 
was also observed in pregnant women with 
proteinuria. This finding points to the fact 
that elevated blood glucose may predispose 
pregnancy to gestational diabetes mellitus 
(GDM), force the kidney to over work, thereby 
leading to kidney damage and may allow 
protein to leak into the urine. Proteinuria is 
a well-established biological marker for the 
diagnosis and monitoring of the course of 
kidney diseases as well as a predictive risk 
factor for cardiovascular disease and death.
[32]

The risk of future metabolic syndrome 
among the pregnant women at different 
stages of trimester was assessed using the 
regression analysis model. It was noted 
that fasting plasma insulin concentration 
predicted the risk of metabolic syndrome 
among pregnant women with glycosuria and 
those with proteinuria. Among pregnant 
women with glycosuria, plasma insulin, 
fasting blood glucose, 
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Conclusion 

This study clearly showed that pregnant 
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could predispose these individuals to a greater 
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nearest future. Therefore, early antenatal 
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from the first semester is advised.

Authors’ contribution
OAE: Conceived and design the study, 
contributed to analysis tool, performed 
analysis, wrote the manuscript; final review 
of the draft. FKA: Conceived the study idea, 
collected the data, contributed to analysis 
tool, performed analysis, and participated 
in the writing of the manuscript. NOO: 
Collected data, contributed analysis tool, 
performed analysis, and participated in the 
writing of the manuscript. ENA: Collected 
data, contributed analysis tool, performed 
analysis, and participated in the writing of 
the manuscript.

Conflict of interest statement
All authors declared that they had no conflict 
of interest with respect to this study.

This article is published open access under the Creative 
Commons Attribution-NonCommercial NoDerivatives (CC 
BYNC-ND4.0). People can copy and redistribute the article 
only for noncommercial purposes and as long as they give 
appropriate credit to the authors. They cannot distribute 
any modified material obtained by remixing, transforming 
or building upon this article. See https://creativecommons.
org/licenses/by-nc-nd/4.0/



https://dx.doi.org/10.4314/rjmhs.v6i3.5                                             Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November   2023    
____________________________________________________________________________________________________________________
10. Wang H, Li N, Chivese T, Werfalli M, Sun 

H, Yuen L, Hoegfeldt CA, Elise Powe C, 
Immanuel J, Karuranga S, Divakar H, 
Levitt N, Li C, Simmons D, Yang X; IDF 
Diabetes Atlas Committee Hyperglycaemia 
in Pregnancy Special Interest Group. IDF 
Diabetes Atlas: Estimation of Global and 
Regional Gestational Diabetes Mellitus 
Prevalence for 2021 by International 
Association of Diabetes in Pregnancy 
Study Group's Criteria. Diabetes Res 
Clin Pract. 2022 Jan;183:109050. doi: 
10.1016/j.diabres.2021.109050. Epub 
2021.

11. Lann D, LeRoith D. Insulin resistance 
as the underlying cause for the 
metabolic syndrome. Med Clin North Am. 
2007;91(6):1063-77. doi: 10.1016/j.
mcna.2007.06.012. 

12. Ferrannini E. Learning from glycosuria. 
Diabetes. 2011;60(3):695-696. 
doi:10.2337/db10-1667    

13. Lee, M A, McMahon G., Karhunen V, 
Wade KH, Corbin  LJ., Hughes DA, et 
al. J Common variation at 16p11.2 is 
associated with glycosuria in pregnancy: 
findings from a genome-wide association 
study in European women. Hum Mol Genet. 
2020;29(12):2098-2106. doi:10.1093/
hmg/ddaa054

14. Osman O and Maynard S. Proteinuria in 
pregnancy-Review. Frontiers in Women 
Health. 2019;4:1-5. doi: 10.15761/
FWH.1000165

15. Sibai BM Eclampsia. VI. Maternal-perinatal 
outcome in 254 consecutive cases. Am J 
Obstet Gynecol. 1990;163(3): 1049-1054. 
doi: 10.1016/0002-9378(90)91123-t 

16. Williams D, Davison J. Chronic kidney 
disease in pregnancy. BMJ. 2008.  336:211-
215. doi: 10.1136/bmj.39406.652986.BE

17. Omotosho IO. A three-year serial cross-
sectional study of the prevalence of 
proteinuria and glycosuria in Oyo State 
using simple Urinalysis. 2020. Afr. J.  
Med. Med Sci. 48(1):119-195.

18. Eberle C, Palinski W, Ament C. A novel 
mathematical model detecting early 
individual changes of insulin resistance. 
Diabetes Technol Ther. 2013;15(10):870-
880. doi:10.1089/dia.2013.0084

324

19. Pinheiro RL, Areia AL, Mota Pinto A, 
Donato H. Advanced Maternal Age: 
Adverse Outcomes of Pregnancy, A Meta-
Analysis. Acta Med Port. 2019;32(3):219-
226. doi:10.20344/amp.11057

20. Glick I, Kadish E, Rottenstreich M. 
Management of Pregnancy in Women 
of Advanced Maternal Age: Improving 
Outcomes for Mother and Baby. Int 
J Womens Health. 2021;13:751-759. 
doi:10.2147/IJWH.S283216

21. Li, Y Ren, X He, L Li, J Zhang, S Chen, W. 
Maternal age and the risk of gestational 
diabetes mellitus: A systematic review 
and meta-analysis of over 120 million 
participants. Diabetes Res Clin Pract. 
2020;162:108044. doi: 10.1016/j.
diabres.2020.108044.

22. Etminan-Bakhsh M, Tadi S, Hatami 
M, Darabi R. Prevalence of Gestational 
Diabetes Mellitus and Its Associated 
Risk Factors in Boo-Ali Hospital, 
Tehran. Galen Med J. 2020;9:e1642. 
doi:10.31661/gmj.v9i0.1642

23. Thornton CE, Makris A, Ogle RF, Tooher 
JM, Hennessy A. Role of proteinuria 
in defining pre-eclampsia: clinical 
outcomes for women and babies. Clin Exp 
Pharmacol Physiol. 2010;37:466-470. doi: 
10.1111/j.1440-1681.2009.05334.x.

24. Ambia AM, Seasely, AR, Macias, DA, 
Nelson, DB, Wells, CE, McIntire, DD,  
Cunningham, FG. The impact of baseline 
proteinuria in pregnant women with 
pregestational diabetes mellitus. Am J 
Obstet Gynecol MFM. 2020;2(1):100072. 
doi:10.1016/j.ajogmf.2019.100072

25. Gongora MC, Wenger NK. Cardiovascular 
Complications of Pregnancy. Int J 
Mol Sci. 2015;16(10):23905-23928. 
doi: 10.3390/ijms161023905. PMID: 
26473833

26. Wong B, Ooi TC, Keely E. Severe 
gestational hypertriglyceridemia: A 
practical approach for clinicians. 
Obstet Med. 2015;8(4):158-167. 
doi:10.1177/1753495X15594082



31. Liu Y, Du M, Gan Y, Bao S, Feng 
L, Zhang J. Triglyceride Induced 
Metabolic Inflammation: Potential 
Connection of Insulin Resistance 
and Recurrent Pregnancy Loss. Front 
Endocrinol (Lausanne). 2021;12:621845. 
doi:10.3389/fendo.2021.621845

32. Kodali M,  Sarada CV,   Rani BB,  Swamy 
PK, Rajashekar B,  Kodali V,  Gunkunta 
MK,   Balguri S,   Keturi S, Kavya Sree 
HM,  Teja Voruganti  BK,  Kashetty S,    
Bandi DR. Proteinuria as a Marker for 
Cardiovascular Disease in Renal (Chronic 
Kidney Disease) Patients.  Indian J 
Cardiovasc Dis Women-WINCARS 
2018;3:221–224. DOI https://doi.org/ 
10.1055/s-0039-168112S

33. Poveda NE, Garces MF, Darghan AE, 
Jaimes SAB, Sanchez EP, Díaz-Cruz 
A, et al. Triglycerides/Glucose and 
Triglyceride/High-Density Lipoprotein 
Cholesterol Indices in Normal and 
Preeclamptic Pregnancies: A Longitudinal 
Study. International journal of 
endocrinology. 2018:8956404. https://
doi.org/10.1155/2018/8956404.

325

Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November   2023                                              https://dx.doi.org/10.4314/rjmhs.v6i3.5               
____________________________________________________________________________________________________________________
27. Dash S, Tiwari M, Dash P, Kar K, 

Mohakud NK. Complications of 
Hypertriglyceridemia in Pregnancy and 
Its Impact on Neonates: a Hospital-
Based Study From Odisha. Cureus. 
2022;14(8):e28399. doi:10.7759/
cureus.28399.

28. Spracklen CN, Smith CJ, Saftlas 
AF, Robinson JG, Ryckman KK. 
Maternal hyperlipidemia and the risk 
of preeclampsia: a meta-analysis. Am 
J Epidemiol. 2014;180(4):346-358. 
doi:10.1093/aje/kwu145.

29. Zhao J,  Zhang Y, Wei F, Song J, Cao Z,  
Chen C, Zhang K, Feng S, Wang Y,  Li W. 
Triglyceride is an independent predictor 
of type 2 diabetes among middle-aged 
and older adults: a prospective study 
with 8-year follow-ups in two cohorts. 
J Transl Med. 2019.17,403 https://doi.
org/10.1186/s12967-019-02156-3

30. Cruciat, G, Nemeti, G , Goidescu I, Anitan, 
S Florian, A. Hypertriglyceridemia 
triggered acute pancreatitis in pregnancy 
– diagnostic approach, management and 
follow-up care. BMC Lipids Health Dis. 
2020;19(2). https://doi.org/10.1186/
s12944-019-1180-7


