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Relationship of Fetal
Macrosomia to Maternal
Postprandial Glucose Control
During Pregnancy
LAURENCE A. GAVIN, MD
ELLIOT K. MAIN, MD

OBJECTIVE — To determine the gestational ages at which maternal hyperglycemia
is most closely related to fetal macrosomia; to determine whether macrosomia is
related to elevations of fasting glucose, postprandial glucose, or both; and to assess
the relationship of macrosomia to maternal insulin dose and caloric intake.
RESEARCH DESIGN AND METHODS— One hundred eleven consecutive pregnant women with Class B through RF diabetes were studied longitudinally from 13 to 36
wk gestation. Macrosomia was defined by birthweight >90th percentile for gestational
age based on California norms. Women who delivered macrosomic infants were compared with those without macrosomic infants on pre- and postprandial blood glucose,
GHb, insulin dose, macronutrient intake, and several other maternal variables.
RESULTS— Macrosomia occurred in 32 (29%) cases, although several measures
indicated reasonable glycemic control throughout pregnancy. Women delivering
macrosomic infants did not differ from those without macrosomic infants in maternal
age, prepregnant weight, duration of diabetes, White class, macronutrient intake,
GHb, or fasting glucose. Macrosomia was associated with higher postprandial glucose
levels up to 32 wk gestation and lower insulin doses from 29 to 36 wk gestation. In
multiple logistic regression, macrosomia was significantly associated with postprandial glucose only between 29 and 32 wk gestation. Postprandial glucose values <7.3
mM (<130 mg/dl) were associated with a higher risk of small-for-gestational- age
infants (18%) compared with values above this level (1%).
CONCLUSIONS — Because macrosomia was related to postprandial glucose but not
fasting glucose, we conclude that postprandial glucose measurement should be a part of
routine care for diabetes in pregnancy. A target 1-h postprandial glucose value of 7.3 mM
(130 mg/dl) may be the level that optimally reduces the incidence of macrosomia without
increasing the incidence of small-for-gestational-age infants.
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etal macrosomia is a serious complication of diabetes in pregnancy. The
mother of a macrosomic fetus is at
increased risk for labor abnormalities
(1), severe perineal lacerations (2), and
cesarean section (1). The fetus is at risk
for intracranial hemorrhage and shoulder
dystocia with resultant Erb's palsy and
asphyxia (1). The neonate is at risk for
hypoglycemia, hypocalcemia, hypomagnesemia, polycythemia, hyperbilirubinemia (3), neonatal cardiomyopathy
(4), and obesity in later life (3).
According to Pedersen's (5)
widely accepted hypothesis, fetal macrosomia is produced by fetal hyperinsulinemia that occurs as a physiological response to maternal hyperglycemia.
Several researchers have confirmed that
diabetic mothers with poor glycemic
control during pregnancy are more likely
to deliver macrosomic infants than are
diabetic mothers in good glycemic control (6-15). Macrosomic infants of diabetic mothers have higher C-peptide levels in cord blood (15,16) and amniotic
fluid (17), consistent with the presence
of fetal hyperinsuiinemia. However,
some authors have noted that macrosomia occurs with increased frequency
among diabetic mothers, even when normoglycemia is maintained, and have suggested that fuels other than maternal glucose may be contributors to fetal
macrosomia (18,19). Amino acids and
other nonglucose fuels may play an important role (20).
This study was undertaken to
evaluate in detail the factors that contribute to macrosomia in infants of diabetic
mothers. Our specific objectives were 1)
to determine the gestational ages at
which maternal hyperglycemia is most
closely related to fetal macrosomia; 2) to
determine whether macrosomia is related to elevations of fasting glucose,
postprandial glucose, or both; and 3) to
assess the relationship of macrosomia
to maternal insulin dose and caloric intake.

Fetal macrosomia and glycemic control

RESEARCH DESIGN AND

All women were seen weekly or
biweekly in the outpatient clinic. All
were trained in the use of a portable
reflectance meter for daily measurement
of capillary blood glucose at home. All
were instructed to measure at least four
blood glucose values daily—one in the
fasting state and one after each meal.
Each value was recorded in a logbook. In
most cases, the postprandial values were
obtained 1 h after the start of the meal;
however, a few women measured 90min or 2-h postprandial values because a
standardized meal tolerance test showed
that their peak glycemic response occurred at these later times, as described
previously (21). Maternal plasma GHb
values were measured monthly and referenced to an upper-limit normal of
7.6% of total Hb. Some patients used
glucose meters with a memory chip after
these became available; however, most
did not. In the occasional case where a
significant discrepancy was noted between the level of glycemic control recorded in the logbook and the level indicated by the monthly GHb value,
patients were instructed to bring their
actual glucose test-strips to each clinic
visit for verification.
The goals of glycemic control
were to maintain all fasting values <5.9
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mM (105-mg/dl) and all postprandial
values <7.8 mM (140 mg/dl). Most patients were managed with a split-dosage
regimen of regular and NPH insulins.
Ten were managed with a programmable
insulin pump. Since 1985, all patients
were treated with synthetic or semisynthetic human insulin. Hospitalization
was rarely needed to achieve adequate
glycemic control.
A specific diet plan was developed for each woman according to individual energy needs, insulin therapy, and
nutrients needs for pregnancy (22). The
initial diet prescription provided 25
kcal/kg desirable body wt in the first
trimester and 25-35 kcal/kg desirable
body wt in the second and third trimesters. The composition of macronutrients
was 40-45% kcals as carbohydrate, 2 0 25% kcals as protein, and the remainder
as fat. Women received intensive education on how to use the American Diabetes and American Dietetic Associations'
Exchange Lists for Meal Planning (23).
Each month, a registered dietitian conducted interviews with the women and
reviewed daily food diaries to evaluate
average intakes. The dietitian formulated
the exchange pattern based on the types
and quantities of foods recorded. The
approximate macronutrient intake was
then calculated from the exchange pattern with standard methods (23). The
meal plan was modified as needed to
achieve the desired weight gain and to
prevent hypoglycemia, hyperglycemia,
and morning ketonuria.
For analysis, women were divided into two groups based on birthweight: those with fetal macrosomia and
those without. Fetal macrosomia was defined as a birthweight >90th percentile
for sex and gestational age based on California norms (24). Birthweight ratio was
defined as the ratio of birthweight to the
median normal birthweight for gestational age. Gestational age was based on
menstrual dates if confirmed by the earliest sonogram; if any discrepancy was
apparent, dating was based on the earliest sonogram.

To compare between-group differences in glycemic control, insulin dosage, and nutrient intake, each pregnancy
was divided into six 4-wk blocks (i.e.,
13-16, 17-20, 21-24, 25-28, 29-32,
and 33-36 wk gestation). Several measures of glycemic control were studied in
each 4-wk block—mean fasting blood
glucose, mean postprandial blood glucose, percentage of values >11.2 mM
(200 mg/dl), percentage of values <3.36
mM (60 mg/dl), and GHb concentration.
Two measures of within-day glucose
variability were also calculated, the coefficient of variability (25) and the mean
amplitude glycemic excursion, defined
as the difference between the fasting
value and the highest postprandial value
on each day. For each variable in a given
patient, the mean of all values during a
given 4-wk block was taken as that patient's value for the block.
In the initial univariate analyses,
between-group comparisons of continuous variables were made with the Student's t test (two-tailed), and comparisons of categorical variables were made
with the x 2 test. P < 0.05 was significant. Multiple logistic regression was
performed because of the strong covariance of glucose values between each time
period and the others. Stepwise regression models were fit with macrosomia as
the dependent variable and several combinations of predictor variables, including fasting and postprandial glucose
measurements in each 4-wk block, parity, prepregnant weight, and the presence or absence of microvascular disease
(White's class R, F, or RF diabetes).
Univariate analyses were performed with
SPSS/PC+ (SPSS, Chicago, IL). Logistic
regressions were performed with BMDP
(BMDP Statistical Software, Los Angeles,
CA).
RESULTS— Of 111 women enrolled
before 12 wk gestation, fetal macrosomia
occurred in 32 (29%). Data on fetal
weight, gestational age, and maternal
characteristics are summarized in Table
1. On average, the macrosomic infants
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METHODS — We studied women followed in the Diabetes and Pregnancy
Program of the University of California,
San Francisco, and Children's Hospital of
San Francisco from November 1981 to
August 1989. During this 8-yr period,
the program maintained a computer data
base containing demographic, obstetric,
and neonatal data and detailed data concerning blood glucose measurements, insulin dose, and macronutrient intake. Inclusion criteria for this study were 1) a
diagnosis of diabetes mellitus established
before pregnancy, 2) enrollment in the
program before 12 wk of gestation, and
3) delivery after 36 wk gestation. These
criteria were met in 111 cases. Women
with gestational diabetes were not studied.

Combs and Associates

Table 1—Patient characteristics

N
BIRTH WEIGHT (G)
BIRTH-WEIGHT RATIO
GESTATIONAL AGE (WK)
MATERNAL AGE (YR)
AGE AT ONSET OF DIABETES (YR)
PREPREGNANT WEIGHT (KG)

HEIGHT (M)
BODY MASS INDEX (KG/M 2 )

N O MACROSOMIA

32 (29)
4244 ± 395
1.34 ± 0 . 1
37.9 ± 1.1
30.1 ± 4.8
18.4 ± 8.3
67.3 ± 15.5
15.0 ± 4.9
1.63 ± 0.08
25.2 ± 5.6

79(71)
3284 ± 386
1.02 ± 0.1
38.0 dt 1.2
31.0 dt 5.2
19.3 dt 9 . 5
69.2 dt 18.7
13.3 dt 5.1
1.63 dt0.07
26.2 dt 7.2

13 (42)
18 (58)
17 (55)
4(13)
7(23)
16 (52)

47 (61)
30 (39)
37 (47)
6(8)
12 (15)
38 (48)

11 (35)
12 (39)
6(19)
3(10)

38 (48)
17(22)
11 (14)
13 (16)

PARITY (N)
NULLIPAROUS
PAROUS
PREPREGNANCY CARE (N)
INSULIN PUMP
PREECLAMPSIA (N)
MALE FETUS (N)
WHITE CLASS (N)

B
C
D
RF

P
<0.001
<0.001
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS

Values are means ± SD with percentages in parentheses.

weighed nearly 1 kg more than infants
without macrosomia, although both
groups were delivered at the same mean
gestational age.
No significant difference was observed between the two groups in maternal age, age at onset of diabetes, prepregnant weight, or White class (Table 1).
Approximately half of each group had
enrolled in the program before conception. Although the trend was toward
greater maternal weight gain during
pregnancy in the group with fetal macrosomia (mean difference 1.7 kg,
0.05 < P < 0.10), most of this difference was because of the greater fetal
weight in that group.
Table 2 shows several measures
of glycemic control throughout gestation. The total possible number of blood
glucose measurements was 75,592 (111
patients X 168 days X 4 measurements/
day). A total of 64,316 (86.2%) blood
glucose measurements were recorded,
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indicating a high degree of compliance
among these patients. The mean number
of glucose values recorded was not different between women who delivered
macrosomic infants and those who did
not (565 ± 139 vs. 561 ± 100).
Most women had reasonable glycemic control throughout pregnancy, as
evidenced by the normal mean GHb concentration, the relatively low mean fasting and postprandial glucose values, and
the infrequency of hypoglycemic or hyperglycemic episodes. At almost every
gestational age, postprandial blood glucose was significantly higher among
mothers who delivered a macrosomic infant than among those who did not. After
32 wk gestation, however, no difference
occurred in postprandial glucose. No significant difference was noted in fasting
blood glucose or in GHb concentration
at any gestational age. Insulin dosage was
significantly lower after 28 wk gestation
among mothers who delivered mac-
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WEIGHT GAIN (KG)

MACROSOMIA

rosomic infants. Before 25 wk gestation,
insulin dose tended to be higher in this
group, but these differences were not significant.
Measures of blood glucose variability also are summarized in Table 2.
No between-group difference existed in
either the coefficient of variability or the
mean amplitude glycemic excursion at
any gestational age. Macronutrient intakes are shown in Table 3. We found no
significant between-group difference in
total caloric intake or in intake of any of
the major nutrient groups at any gestational age.
Multiple logistic regression was
performed because there was a high covariance of postprandial blood glucose
values between each of the 4-wk time
periods. That is, a patient who had a high
value in one period was also likely to
have had high values during the other
periods. In stepwise regression, the only
variable that was associated significantly
with macrosomia was the postprandial
glucose at 29 — 32 wk gestation
O = 1.76 ± 0.82, P < 0.05). Controlling for postprandial glucose during this
time period, macrosomia was not associated significantly with higher glucose
values at any other gestational age or
with maternal weight, maternal weight
gain, or the presence of microvascular
disease. A marginally significant association existed between macrosomia and
parity (p = 0.43 ± 0.23, OR 1.54 for
parous vs. nulliparous women, 95% CI
0.99-2.39, P = 0.06). However, the association between macrosomia and postprandial glucose remained significant
even after controlling for parity.
The relationship of postprandial
glucose at 29-32 wk to macrosomia is
summarized in Table 4. The incidence of
macrosomia rose progressively with increasing postprandial glucose. This
might be interpreted to imply that macrosomia could be reduced by keeping
postprandial glucose < 7 . 2 8 mM
(130 mg/dl) or eliminated by keeping it
<6.7 mM (120 mg/dl). However, lower
values of glucose during this time period

Fetal macrosomia and glycemic control

CONCLUSIONS— Most previous
studies relating fetal macrosomia to poor
maternal glycemic control have used
combined measures of preprandial and
postprandial glucose (6-9) or indirect
measures of glycemic control such as
GHb concentration (10,12) or fructosamine (13). With data from the Diabetes in Early Pregnancy Study sponsored by the National Institutes of
Health, Jovanovic-Peterson et al. (14) recently reported that macrosomia is related to 1-h postprandial glucose levels
in the third trimester and not to fasting
glucose levels. Our results provide an
independent confirmation of this finding. Indeed, the observed incidence of
macrosomia for each level of postprandial glucose in this study was almost
identical to the incidence predicted from
the Diabetes in Early Pregnancy Study
data (Table 4). In our study, higher lev-
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Table 2—Measures of glycemic control
MACROSOMIA

P

NO MACROSOMIA

FASTING BLOOD GLUCOSE (MM)
WK

13-16
17-20
21-24
25-28
29-32
33-36

6.2
6.0
6.4
6.2
6.0
5.5

±
±
±
±
±
±

1.2
1.2
1.1
1.1
0.9
1.0

5.9
6.0
6.2
5.9
5.9
5.4

±
±
±
±
±
±

1.3
1.3
1.3
1.2
1.2
0.9

NS
NS
NS
NS
NS
NS

8.2
7.9
8.2
8.1
8.1
7.4

± 1.1
± 1.1
± 0.9
± 1.0
±0.8
±. 0.8

7.7
7.7
7.8
7.7
7.6
7.3

±
±
±
±
±
±

1.2
1.3
1.2
1.0
0.9
0.8

<0.02
NS
<0.05
<0.05
<0.005
NS

7.8
7.3
7.1
7.3
7.3
7.2

±
±
±
±
±
±

1.3
1.1
1.0
1.1
1.1
1.0

7.8
7.0
7.0
7.0
6.9
6.9

±
±
±
±
±
±

1.8
0.9
1.0
0.9
0.9
0.9

NS
NS
NS
NS
NS
NS

52
46
63
66
57
62

±34
±34
±46
±59
±35
± 50

45
42
56
67
77
87

± 22
± 19
±27
±45
±54
± 60

POSTPRANDIAL BLOOD GLUCOSE (MM)
WK

13-16
17-20
21-24
25-28
29-32
33-36
GHB (%)*
WK

13-16
17-20
21-24
25-28
29-32
33-36
INSULIN (U/DAY)
WK

13-16
17-20
21-24
25-28
29-32
33-36

NS
NS
NS
NS
<0.05
<0.05

HYPERGLYCEMIC EPISODES (% OF VALUES)

>11.2 MM
WK

13-16
17-20
21-24
25-28
29-32
33-36
<3.4 MM

10.5 dt 10.3
8.5 dt 8.6
9.4 dt 9.5
7.7 db 7.7
6.3 db 5.7
3.2 db3.8

8.8 dt 9.5
8.7 dt 9.2
8.8 dt 9.1
7.2 db8.8
5.3 db6.7
3.2 db 4.1

NS
NS
NS
NS
NS
NS

5.6
4.5
3.4
3.5
2.6
3.2

db6.6
db6.2
db4.9
db4.0
db4.4
db 4.4

NS
NS
NS
NS
NS
NS

26.4
23.6
23.6
22.4
22.4

± 8.8
± 7.2
db 7.8
db8.1
dt 7.5

NS
NS
NS
NS
NS

WK

13-16
17-20
21-24
25-28
29-32
33-36

4.4 db4.6
4.0 db 5.2
2.5 db3.0
2.6 dt 2.9
1.9 db2.4
2.3 db2.9

COEFFICIENT OF VARIABILITY
WK

13-16
17-20
21-24
25-28
29-32
33-36

26.0
24.4
23.7
22.0
23.7

± 7.5
db6.6
dt 5.6
dt 6.6
db 6.2

MEAN AMPLITUDE GLYCEMIC EXCURSION (MM)
WK

13-16
17-20
21-24
25-28
29-32
33-36

4.3 dt
4.0 :t
3 . 8 :t
3 . 8 :b
3 . 8 :t
3.6 ±

1.3
1.3
1.1
1.0
1.2
0.9

4.1 :t
4.0 :b
3 . 8 :b
3.7: b
3 . 5 :b
3.5 ±

1.4
1.5
1.3
1.2
1.3
1.2

NS
NS
NS
NS
NS
NS

Values are means ± SD.
* Referenced to upper-limit normal = 7.6%
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also were associated with increasing
numbers of small-for-gestational-age infants. Among women with mean postprandial glucose <7.28 mM (130 mg/
dl), 6 of 34 infants were small for
gestational age (18%) compared with 1
of 77 with glucoses above this level (1%,
P < 0.005). Among these 6, the only risk
factor for growth retardation was diabetic nephropathy in 1 mother; none of
these mothers had hypertension or
preeclampsia. Three of the 6 small-forgestational-age infants were delivered by
cesarean section because of repetitive late
decelerations.
The women with small-for-gestational-age infants tended to have lower
postprandial glucose values throughout
pregnancy than women with appropriate-for-gestational-age infants, averaging
6.9 ± 0.2, 7.5 ± 1.1, 7.4 ± 1.1,
7.2 ± 0.3, 7.0 ± 0.7, and 6.8 ± 0.5
mM, respectively, during the six time
periods from 12 to 36 wk gestation.
However, the number of such patients
was too small to support a multiple regression analysis to determine whether
one time period was more important
than the others.

Combs and Associates

Table 3—Macronutrient intake
MACROSOMIA

N O MACROSOMIA

TOTAL CALORIC INTAKE (KCAL/DAY)
WK

±235(26)
± 321 (13)
± 346 (25)
± 254 (12)
± 359 (18)
± 299 (22)

1762
1798
1805
1788
1800
1828

±
±
±
±
±
±

336 (67)
327 (41)
310 (63)
271 (46)
342 (41)
364 (63)

CARBOHYDRATE (G/DAY)
WK

13-16
17-20
21-24
25-28
29-32
33-36

187
186
188
180
184
195

±
±
±
±
±
±

34 (26)
38 (13)
41 (25)
27 (12)
40 (18)
49 (22)

183
180
184
181
182
181

±
±
±
±
±
±

37 (67)
37 (41)
36 (63)
34 (46)
41 (41)
40 (63)

100
97
105
105
98
104

±
±
±
±
±
±

16 (26)
14(13)
20 (25)
18 (12)
19 (18)
14 (22)

98
101
100
102
98
102

±
±
±
±
±
±

18 (67)
20 (41)
17 (63)
19 (46)
19 (41)
22 (63)

74
77
80
78
74
77

±
±
±
±
±
±

17 (26)
19 (13)
20 (25)
18 (12)
21 (18)
18 (22)

71
75
75
73
76
77

±
±
±
±
±
±

19 (67)
19 (41)
19 (63)
16 (46)
19 (41)
21 (63)

PROTEIN (G/DAY)
WK

13-16
17-20
21-24
25-28
29-32
33-36
FAT (G/DAY)
WK

13-16
17-20
21-24
25-28
29-32
33-36

Values are means ± SD with n given in parentheses. Not all patients had dietary assessment during each
4-wk time period. All comparisons were nonsignificant.

Table 4—Relationship of postprandial glucose to fetal growth
MACROSOMIA
OMALL NJK
POSTPRANDIAL GLUCOSE ( M M )
<6.7

(120

MG/DL)

6.7-7.27 (120-129 MG/DL)
7.28-7.83 (130-139 MG/DL)
7.84-8.39 (140-149 MG/DL)

>8.39 (150 MG/DL)

N

9
25
32
19
26

OBSERVED

0

5(20)
9(28)
6(32)
12 (46)

PREDICTED*

GESTATIONAL AGE

<2 (<22)
6(25)
9(28)
6(31)
>9 (>35)

1(11)
5(20)
0
0

1(4)

Values in parentheses are percentages. Postprandial glucose, mean of all measurements from 29-32 wk
gestation.
*Based on ref. 14.
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A previous study by Lin et al. (8)
found that the risk of macrosomia was
reduced if intensive glycemic control was
begun before 32 wk gestation but not if
glycemic control was begun after 32 wk.
In this study, after 32 wk gestation, we
found no relationship between fasting or
postprandial glucose and macrosomia.
Therefore, we agree with Lin et al. that
good glycemic control must be instituted
before 32 wk to prevent macrosomia.
Because several weeks of education and
insulin-dose adjustment often are required to achieve acceptable glucose levels, we believe that strict control should
be instituted as early in pregnancy as
possible or, preferably, before pregnancy. The benefits of starting strict con-
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1811
1825
1888
1840
1789
1889

13-16
17-20
21-24
25-28
29-32
33-36

els of blood glucose were related to lower
doses of insulin in the third trimester
rather than to higher caloric intake. We
do not know why women with macrosomic infants seemed to require less
insulin at 33-36 wk gestation to maintain glucose levels comparable with those
of women with nonmacrosomic infants.
It is not known whether there is a
critical time during pregnancy when maternal hyperglycemia begins to contribute to fetal macrosomia. Although the
fetal pancreas is capable of secreting insulin as early as 11-15 wk gestation (26),
the fetal insulin response to hyperglycemia increases dramatically after 20 wk
gestation (26). Like Jovanovic-Peterson
et al. (14), we found that women with
macrosomic fetuses had higher glucose
levels throughout pregnancy than did
women without macrosomic fetuses.
Like them, we also found that when multiple regression was used to control for
third-trimester glucose values, the association of early pregnancy hyperglycemia
with macrosomia was no longer statistically significant. However, neither study
permits us to conclude that early pregnancy glycemic control is unimportant
with respect to macrosomia because, in
general, women who were relatively hyperglycemic in the first trimester also
tended to be hyperglycemic in the third
trimester.

Fetal macrosomia and glycemic control

Because macrosomia was related
to elevated postprandial glucose but not
fasting glucose, we conclude that postprandial glucose measurement should be
part of the routine care of pregnant
women with diabetes. The risk of macrosomia may be reduced through aggressive efforts to maintain a low postprandial glucose level. However, very low
glucose levels also may be associated
with an increased risk for fetal growth
retardation. An association between low
maternal glucose levels and smali-forgestational-age infants has been observed in pregnant women without diabetes (30) and in women with gestational
diabetes (31). Our results show a similar
association in women with diabetes pre-
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ceding pregnancy. However, it is not
known whether fetal growth retardation
associated with lower maternal glucose
levels has the same adverse prognostic
significance as growth retardation that is
attributable to other causes such as maternal vascular disease. Until long-term
follow-up data are available on such infants, the most prudent course is probably to select a target glucose level that
will strike a balance between the risk of
macrosomia and the risk of growth retardation. Based on our results, a reasonable
target for 1-h postprandial glucose seems
to be 7.3 mM (130 mg/dl).
Acknowledgments— We t h a n k Jane
Khoury, MS, for help in performing multivariate analyses.
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