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Abstract
MATERNAL AND UMBILICAL PLASMA LIPIDS OBTAINED DURING
ELECTIVE CESAREAN SECTION AS PREDICTORS OF

MACROSOMIA IN DIABETIC PREGNANCY

by

Dianne Greive Butler

Twenty-five pregnant women were recruited for this
study as they presented for elective cesarean section at
term. Comparison was made between 10 diabetic women and 15
nondiabetic women: 13 nondiabetic wémen with normal weight
babies and six diabetic women with macrosomic babies.
Radial artery, uterine vein, umbilical’vein, and umbilical
artery blood samples were analyzed in the‘fasting state for
lipqprotein composition. Diabetic and diabetic-macrosomic
infants had greater birth weight and skinfold measurements
but not greater birth length.

It appears that higher trig1¥ceride (TG) levels found
in diabetics (p=0.035) are transferred to the fetus more
efficiently (p=0.009) than in nondiabetics. Triglyceride
levels however, did not correlate with skinfold “

measurements. Strong negative correlation was found between



skinfolds'and_both radial artery total cholesterol (r=-0.78;

p=0.001) and HDL-C (r=-0.76; p=0.001).

KEYWORDS: diabetic pregnancy, macrosomia, umbilical plasma

lipids, maternal plasma lipids.
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‘Before the discovery of insulin in 1922, little was
known about diabetic pregnancy. Most diabetic girls did not
reach maturity. The few who did mature and conceive
suffered high maternal and fetal losses (1l). After the
introduction of insulin, diabetic girls began to grow and
mature normally. vTheir pregnancies however, were
characterized by‘high fetal losses (2). After 1922 and
until recently perinatal infant mortality andkmorbidity
rates remainéd high at 20% to 50% (1). Complications
included congenital anomalies, macrosomia (birth weight >
4,000 gms), birth injuries, respiratory distress,
hypoglycemia, hypocalcemia, hyperbilirubinemia, and
hyperinsulinemia (3).

Today "tight" control of maternal plasma glucose levels
-has been made possible by the introduction of new technigques
for monitoring blood glucose levels at home, new methods of
insulin delivery, and increased attention to dietary intake
(1,4). Where this care and knowledge ié available it has
reduced the levels of perinatal infant mortality to 1-2%.
This is similar to perinatal mortality in infants of
nondiabetic pregnancies (5,6). 'In spite of excellent plasma
glucose control, diabetic mothers continue to deliver
macrosomic infants.4 It has been stated that macrosomia may
be the result of other factors besides abnormal glucose

metabolism in the diabetic pregnancy (7). Metzger et al.
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(8) stated, "Our findings indicate that gestational diabetes
is attended by disturbances of varying degrees in all major
classes of insulin-dependent foodstuffs and must be viewed
as a disorder of multiple fuels."

Little has been published on the relationship of
maternal plasma lipoproteins to macrosomia in infants of
diabetic mothers. This study was designed to compare
maternal and cord lipids collected during elective cesarean
section and their relation to fetal macrosomia in diabetic

- and nondiabetic pregnancy.

METHOD
All the following data were collected by Elmar Sakala,
M.D., Division of Fetalland Maternal Medicine, Department of
Gynecology and Obstetrics, Loma Linda University School of
Medicine, and made available to me for statistical analysis.
Diabetic and nondiabetic pregnant women (n=25) were

recruited for this study as they presented for elective

cesarean section at term. Comparison was made between

diabetic women (n=10) and nondiabetic women (n=15); and

between nondiabetic women with normal weight babies (n=13)

tic women with macrosomic pabies (n=6). The

one Type 2, and four

and diabe

‘diabetic group included five Type 1,

gestational diabetics.
l d criteria

as determined by standar

Diabetic status W




Table 1. Inclusion criteria for subjects in study

1. Gestational Age 38-40 weeks

2. Mode of Delivery Cesarean Section
3. Anesthesia - Lumbar Epidural
4. Labor Absent

5. Fasting State NPO > 8 hours

6. Time of Day 0800 - 1200 hours
7. Intravenous Infusion No Dextrose

8. Tobacco Use Nonsmoker




Statistical analyses included paired and grouped
students' T-tests, chi square, analysis of variance and

correlations.

RESULTS

No differences were found between diabetic and
nondiabétic women, or between diabetics with macrosomic
babies and nondiabetics with normal weight babies in the
following parameters: age, parity, prepregnancy weight,
body mass index (BMI), pregnancy weight gain (Table 2).

A higher incidence of male to female births was found
in infants of diabetic mothers (4:1) compared with infants
of nondiabetic mothers (3:2). No differences were found in
ethnicity.

The infants of diabetic mothers were heavier (p=0.001)
than infants of nondiabetic mothers (Table 3), but there was
no difference in neonatal length. Mean skinfold
measurements were higher in diabetic-macrosomic infants
compared to nondiabetic-nonmacrosomic infants except for the
suprailiac skinfold. Birth weight of diabetic and diabetic-
macrosomic infants correlated with skinfold measurements
with the strongest correlations found in diabetic-
macrosomics: triceps (r=0Q81; p=0.001), subscapular
(r=0.91; p=0.001), suprailiac (r=0.66; p=0.01), and thigh

(r=0.70; p=0.01).
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Radial artery lipids correlated negatively with
skinfold measurements (Table 4). Radial artery cholesterol
was negatively correlated with subscapular (r=-0.78;
p=0.001), suprailiac (r=-0.62; p=0.014), and triceps
(r=-0.59;vp:0.022) skinfolds. Radial artery HDL-C
correlated negatively with suprailiac skinfold (r=-0.76;
p=0.001). Radial artery TG and LDL-C did not correlate with
any Skinfold measurement. Thigh skinfolds were not
influenced significantly by any lipid parameter.

No significant correlation was found between any plasma
lipid and neonatal birth weight.

Absolute levels of radial artery TG (Figure 1) were
higher in diabetic women as a group than in nondiabetic
women (p=0.035). The mean TG (Figure 2) level was higher in
radial artery than in uterine vein in diabetic women with
macrosomic babies (p=0.039). This difference was not found
in nondiabetic women with normal weight babies. The mean
radial artery-uterine vein TG gradient was even more
pronounced in diabetic-macrosomic compared to noﬁdiabetic-
nonmacrosomic women (p=0.009, Figure 3). Diabetic women
with macrosomic babies not only had higher absolute levels
of radial artery TG, but also greater gradients across the
uterus. No difference was found in TG levels in the
umbilical vein or artery between diabetic or macrosomic

fetuses.



Table 4. Radial artery, total triglyceride (TG), total

cholesterol (TC), HDL-cholesterol (HDL-C), and LDL-
cholesterol (LDL-C) in nondiabetic and diabetic women (n—15)
correlated with triceps (TRI), subscapular (SUB), suprailiac

(SUP), and thigh (THI) skinfold measures of their infants.
Radial artery TC correlated with TRI, SUB, and SUP; HDL-C

correlated with SUP.

TG TC HDL-C LDL-C
TRI r=-0.35 r=-0.59 r=-0.39 r=-0.20
NS = 0.022 NS NS
SUB r=-0.20 r=-0.78 r=-0.33 =-0.05
NS = 0.001 NS NS
SUP r=-0.16 r=-0.62 r=-0.76 r=-0.12
NS p= 0.014 p= 0.001 NS
THI r= 0.19 r=-0.02 r= 0.15 r= 0.17
NS NS ' NS NS




10

*(G€0°0=d) OT3SqeTpuou Ul Ueyl OTISJETP

Ut I93ea21b ATIUEOTITUDTS ©I9M SOPTISOATHOTII AIolae TeTpel

Te30L * (WISHUESH) USWoM (DVHJ) OTWOSOIOBPW-OTISeTP pue (DVKNAN)
OTWOSOIDBPWUOU-OTISCRTPUOU ¢ (Wd) OT3I=2qeTIp pue (WAN) OoT3isgeTpuou
UT SOPTISVATHOTII Axs3ae [eTpel Te3o03 Jo uostaedwo) T 2InbT4d

(s =u) (oL = ) (6 = u) (1 = u)
OVNAEZ JVRANGN (] NN HWNONE

-0
-
-0S o
=
-00L @
<
(1]
®
-0Sk &
(]
3
-002 £
o

66070 = d -06¢



11

*(6€0°0=d) OVWA UT AN 9Y3 UT UeYl VY SY3l UT I93ea1b sem TI9A9T HI UesS|
* (NHES+Ues)]) uswoMm (DVWJ) OTWOSOIDRW-OTISMeTP PUe (DVWNAN) OTWOSOIDPWUOU-DTI3SdeIpuou
UuT (AN) UTSA SUTIS3N pue (YY) AI93ae TeTped 9yl WOIJ OSPTISOATHTII Teaol °7 2aInbtd

(s =u) : ~ (ok =u)
OVWG  OVINGN .
)
05 &
-
oo &
(1]
e
ogl &
a
T -002 X\
o
AN
vi 052

60’0 =d



12

, *(600-0=9d)
OVWNAN ueyl I93ea1b 9I9M S1USTPRIH UTSA dUTILn-AIejie TeTpex
OVWA * (WIS+UeS|) USWOoM (DVWA) OTWOSOIDBW-OTISAeTP Pue (DVHNAN)
OTWOSOIDBWUOU-DTISRTPUOU ¢ (WA) OTieqeTIp pue (WAN) OTI39qeTpuou ut
UTSA SUTISIN-AIS93I® TeTPeI WOIJF SIUSTPeId SPTIOOATOTIL °€ 2Inb1d

(9=u)_ (0ob=u) (6=u) (oL =u)
ovnaE2 ovwnan maN nonB

Ip/Bw Jue|peJd ep|1edK|6I4L




13

Nondiabetic women with normal weight babies had higher
mean ratios (Figure 4) of total cholesterol to HDL-C in the
radial artery than in the uterine vein (p=0.014). This
difference was not found in diabetic women with macrosomic
babies. This‘higher'ratio was dué to both increased total
cholesterol and decréased HDL-C. However when total
cholesterol and HDL-C were examined separately, no radial
artery-uterine vein differences were seen.

wWhen mean umbilical vein and umbilical artery values
were compared (Table 5), both total cholesterol (p=0.036)
and LDL-C (p=0.043) were found to be significantly higher in
the umbilical vein in infants of diabetic women. These

differences were not found in infants of nondiabetic women.

COMMENT

This study was designed to explore plasma lipids as
predictors of macrosomia in as controlled a situation as is
possible in a clinical setting. For this reason the
inclusion criteria (Table 1) were more comprehensive than
any previously'reported in the literature. No difference
was found (Table 2) between the groups in age, parity,
prepregnancy weight, body mass index, pregnancy weight gain,
or ethnicity, thus reducing the influence of confounding

factors.
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The higher incidence of male to female births in the
diabetic (4:1) compared to the nondiabetic (3:2) group was
similar to reports by Fordyce (1l1l) and Rovamo (12). It is
not understood why the male:female sex ratio should be
higher in diabetics. Even in gestational diabetes, where
glucose intolerance is not manifest‘until the second
trimester, a higher than normal male:female sex ratio was
found (12).

The high correlation between birth weight and skinfold
measurement (Table 3) without a significant increase in
neonatal length indicated that our macrosomic infants were
heavier because of increased adipose deposits and not
increased length.

Increased TG levels (Figure 1) in diabetic women
compared to nondiabetic women and increased TG arteriovenous
gradients across the uterus (Figure 2) in diabetic women
suggested that TG may play a part in macrosomic development
in‘infants of diabetic mothers. The higher TG levels found
in diabetic women appear to be efficiently transported
across the placenta. It is possible that free fatty acid
concentration may be increased due to the increased maternal
TG concentration but also because of increased placental
lipoprotein lipase activity (LPL). Biale (13) studying
preeclampsia, suggested that stress caused by altered

metabolic function may increase placental LPL activity. It
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may be hypothesized that the stress of diabetic pregnancy
increasevaPt'activity. Knopp (14) stated that human
placental LPL activity did not decreasé with the increased
TG concentration found in diabetes. Increased activity of
LPL will increasé»the‘concentration of free fatty acids
crossing the placenta and could contribute to macrosomia.

Radiél artery total cholesterol and HDL-C were
vinversely correlated with subscapular ahd suprailiac
skinfold measurements respectively (Téble 4). Radial artery
chblesterdl accounted for 61% (p=0.001) of the variation in
subscapular skinfolds, 38% in suprailiac (p=0.14), and 35%
in triceps (p=0.22). Radial artery HDL-C explained 57%
(p=0.001) of the variation in suprailiac skinfolds. Our
findings indicated that the lower the maternal total
cholesterol and HDL-C levels, the'higher the skinfold
thicknesses. This appears in contrast to Knopp et al. (14),
who sugéested that increased maternal HDL-C levels may be
associated with macrosomia because inéreased cholesterol
levels are associated with increasedisté}oid hormone
production (15). Thejincreased stéroid hormones would
result in increased overall size and not just increased
adipose deposits, as was seen in our macrosomic babies. The
increased radial artery TG levels found in the diabetic
women compared to the nondiabetic did not correlate with

skinfold measurements as we expected they would.
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Why the radial artéry total cholesterol:HDL-C ratio
(Figure 4) should be higher than that found in the uterine
vein of nondiabetic women with normal weight babies but not
in diabetic women with macrosomic babies is not understood.
The higher cholestefol levels in nondiabetic women with
normal weight babies was also seen in the negative
correlation of cholesterol with skinfold measures. These
correlations were very strong and sighificant (r=-0.78;
p=0.001).

This study found a significant correlation between
neonatal skinfolds and birthweight. Cholesterol and HDL-C
levels negatively correlated with skinfolds. Higher
concentrations of maternal TG appeared to be available to
the fetuses of diabetic and diabetic-macrosomic women.
Control of maternal lipid levels may impact on fetal
outcome. This study demonstrated the complexity of the
subject and the need for more extensive research using

larger numbers of subjects.
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