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A b s t r a c t

We studied fetal lung maturity (FLM) by the
amniotic fluid surfactant/albumin (FLM S/A) ratio and
the disaturated phosphatidylcholine (DSPC) amniotic
fluid levels at different gestational ages in diabetic (179
women with type 1 diabetes mellitus antedating
pregnancy; infants delivered within 72 hours after
amniotic fluid testing for DSPC level and FLM S/A
ratio) and nondiabetic pregnancies (2 independent
nondiabetic groups, 300 for FLM S/A ratio and 1,231
for DSPC level). The degree of maternal glycemia
during gestation was estimated by serial measurements
of hemoglobin A1. Multiple regression analyses,
including gestational age (GAs) and diabetic status as
independent variables and FLM S/A ratio and DSPC
level as dependent variables, revealed significant effect
from diabetic status and GA for FLM S/A ratio and a
significant effect from GA but not from diabetic status
for DSPC level. Glucose levels were controlled
adequately throughout gestation as reflected by mean
total glycated hemoglobin levels. Amniotic fluid levels
of DSPC, the major surface tension–lowering com-
ponent of pulmonary surfactant, are not significantly
different between diabetic and nondiabetic pregnancies
at different GAs.

It has been recognized that biochemical maturation of
the fetal lung seems to be delayed in pregnancies complicated
by diabetes.1,2 The mechanisms for the delayed lung matura-
tion are not completely understood, but coexisting fetal
hyperglycemia and secondary hyperinsulinemia have been
found in infants of diabetic mothers.3

Several tests for fetal lung maturity (FLM), are avail-
able, but there is no consensus about the optimal amniotic
fluid test for predicting the risk of respiratory distress
syndrome (RDS) in infants of diabetic mothers. The lecithin-
sphingomyelin (L/S) ratio was introduced more than 25
years ago and has been the most extensively used test of
pulmonary maturity. Earlier studies found the L/S ratio to be
lower in diabetic pregnancies in comparison with nondia-
betic pregnancies of the same gestational age (GA).2,4,5

However, several subsequent studies failed to corroborate
this observation.6-10 Other physical and chemical methods,
such as lamellar body counting,11 foam stability,12 and phos-
phatidylglycerol determination have been used for FLM
testing.13 Marked interlaboratory and intralaboratory vari-
ability of procedures, differences in the evaluation of clinical
outcomes, and the fact that most of these methods are time-
consuming have prompted many institutions to seek other
clinically useful maturity tests.

Pulmonary surfactant is composed mainly of disaturated
phosphatidylcholine (DSPC). DSPC synthesis is related
directly to GA and lung maturity,14 and levels of DSPC in
amniotic fluid have been shown to be a more reliable
predictor of RDS that the L/S ratio.15 Furthermore, the level
of DSPC has been found to be decreased in the amniotic fluid
of diabetic pregnancies.16 A relatively new assay for FLM,
the surfactant/albumin (FLM S/A) ratio has been introduced.
It is a fluorescence polarization assay that measures the
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segregation of a fluorescent dye between surfactant and
albumin in amniotic fluid by a simple and automated proce-
dure. Several studies have shown that the FLM S/A ratio
correlates with the L/S ratio, and its advantages include tech-
nical simplicity, lower variability among laboratories, and
shorter turnaround time.17-19 Tanasijevic et al20,21 reported on
the diagnostic performance of FLM/SA ratios and DSPC
levels for predicting RDS in diabetic pregnancies. There were
no RDS cases found after 36 weeks of gestation, and the inci-
dence of RDS was lower in diabetic than nondiabetic pregnan-
cies (1.7% vs 5.6%, respectively).21 FLM S/A and DSPC had
identical sensitivity and negative predictive value for RDS.

The present study compares the amniotic fluid levels of
DSPC and the FLM S/A ratios at different GAs in diabetic and
nondiabetic pregnancies and evaluates whether the presence of
diabetes affects these biochemical indicators of FLM.

Materials and Methods

Study Design

Patients were identified from the database of all deliv-
eries from the Joslin Diabetes Center–Brigham and Women’s
Hospital service (Boston, MA) during a 5-year period (1989-
1993).20 A total of 179 women with type 1 diabetes mellitus
antedating pregnancy, whose infants were delivered at the
Brigham and Women’s Hospital within 72 hours after amni-
otic fluid testing for FLM S/A ratio and DSPC level, were
included in the study cohort. The distribution of the study
population according to class of diabetes was as follows: B,
27%; C, 28%; D, 29%; F, FR, and T 8%; and R, 8%. The
degree of maternal glycemia during gestation was estimated
by serial measurements of hemoglobin A1, which reflect
mean blood glucose levels during the preceding 6 to 8
weeks.22 The control group consisted of independent nondia-
betic data sets (300 for FLM S/A ratio and 1,231 for DSPC
level). The GA was recorded by an obstetrician based on the
date of the last menstrual period and initial physical exami-
nation before 20 weeks of gestation and/or ultrasonography
before 26 weeks when available. Patients with discrepant GA
estimated by both methods were excluded. Multiple births
also were excluded from the analysis. All samples from
amniocentesis were tested and collected as part of routine
patient care.

FLM Testing

The FLM S/A ratio was measured by fluorescence
polarization on the Abbott TDx Analyzer (Abbott
Laboratories, Abbott Park, IL). In our institution (Brigham
and Women’s Hospital), the cutoff for mature values using
the first-generation FLM S/A assay for the general population

(diabetic and nondiabetic) was more than 70 mg/g. Because
the reliability of FLM S/A ratio has not been determined in
diabetic pregnancies, our laboratory routinely uses the DSPC
level as a supplemental test for diabetic patients. The concen-
tration of DSPC was determined by thin-layer chromatog-
raphy as described previously.15 Reflectance densitometry was
performed using the Shimadzu scanning densitometer
(Shimadzu, Kyoto, Japan). In our institution (Brigham and
Women’s Hospital), the interplate variability for the DSPC
level is between 10% and 15%. We consider a DSPC level of
more than 500 µg/dL and more than 1,000 µg/dL as indica-
tive of lung maturity in nondiabetic and diabetic pregnancies,
respectively. None of the specimens were contaminated
grossly with blood.

Total glycated hemoglobin was measured based on elec-
trophoretic separation of hemoglobin A1 (Corning Medical
and Scientific, Corning, NY). Patients were tested periodi-
cally throughout pregnancy during prenatal visits.

Statistical Analyses

Differences between FLM S/A ratios and DSPC levels
in the diabetic and nondiabetic groups for each week of
gestation were analyzed by a multiple regression analysis
including GA and diabetic status as independent variables
and FLM S/A ratios and DSPC levels as dependent vari-
ables. Supplemental descriptive statistics, t test, chi-square
test, and multiple regression analyses were all derived using
the Statistic Analysis System (SAS/STAT Software, SAS
Institute, Cary, NC). Results are given as mean ± SD unless
otherwise noted.

Results

The GA for the diabetic patients was 37.4 ± 1.3 weeks
(95% confidence interval [CI], 37.2-37.6). For nondiabetic
patients, the GA was 35.7 ± 3.2 weeks (95% CI, 35.3-36.1)
for the FLM database and 34.98 ± 3.15 (95% CI, 34.8-35.2)
for the DSPC group. The distribution of GA for all 3 groups
is shown in ❚Figure 1❚.

Multiple regression analyses including the GA and
maternal diabetic status as covariates to control for possible
confounding effects revealed significant effects on the FLM
S/A results by diabetic status and GA ❚Figure 2❚. However,
the diabetic group showed higher FLM S/A ratios, even
when GA was statistically controlled (F = 36.26, P < .0001
for diabetic status; F = 8.29, P < .0001 for GA). Together,
GA and diabetic status accounted for 34% of the observed
variance in FLM S/A (F = 16.1, P < .0001). For DSPC
levels, the analysis showed a significant effect by GA but no
significant effect by diabetic status (F = 18.47, P < .0001 for
GA; F = 0.01, P > .05 for diabetic status) ❚Figure 3❚.
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Since the diabetic group had smaller range of GA (31-
39 weeks) than the nondiabetic group (27-41 weeks for
FLM S/A and 25-41 weeks for DSPC), supplemental
multiple regression analyses were performed for FLM S/A
ratios and DSPC levels by selecting the subjects with corre-
sponding GA ranges. These analyses revealed distribution
identical to that observed in the entire database (data not
shown). In addition, comparison was conducted for the
subjects with GA equal to 38 weeks for the purpose of
controlling for the possible confounding effect of the
diabetic sample distribution, which showed heavy loading
at 38 weeks. The distribution of results for FLM S/A ratio
and DSPC level was consistent with that obtained from
multiple regression analyses. For the FLM S/A ratio, a
significant difference was found between diabetic and
nondiabetic groups, with diabetic patients showing higher
FLM S/A ratios (median, 133.07; SD, 27.96) than nondia-
betic patients (median, 112.63; SD, 33.08; P < .001). For
DSPC levels, there was no significant difference between
the diabetic (median, 1,452.86; SD, 358.29) and nondiabetic
groups (median, 1,533.89; SD, 547.39; P > .05).

The analysis of hemoglobin A1 values for the diabetic
population between 9 and 36 gestational weeks showed
slightly higher mean ± SE values for hemoglobin A1 early in
gestation and a decrease throughout pregnancy (8.67% ±
1.34% [0.09 ± 0.01] between 9 and 12 weeks and 7.36% ±
0.96% [0.07 ± 0.01] at 33 and 36 weeks) ❚Figure 4❚.
However the differences between early and later hemoglobin
A1 values were not statistically significant. No statistically
significant correlation was found between hemoglobin A1
and FLM S/A or DSPC values.

Discussion

The main objective of the present study was to compare
the amniotic fluid levels of DSPC and the FLM S/A ratios in
diabetic and nondiabetic pregnancies, while controlling for
the effect of GA. We found that diabetic pregnancies are not
associated with delayed biochemical fetal lung maturation.

As anticipated, increasing GA was associated strongly
with increasing levels of DSPC. Diabetic status had no
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❚Figure 1❚ Gestational age distribution of the diabetic (n = 179) and nondiabetic populations (n = 300 for fetal lung maturity
[FLM] by the surfactant/albumin [S/A] ratio; n = 1,231 for disaturated phosphatidylcholine [DSPC]).
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significant effect on DSPC levels. For the FLM S/A ratio,
the analysis revealed a significant effect by GA and
diabetic status but, surprisingly, the diabetic group showed
higher FLM S/A ratios even when GA was statistically
controlled. However, since our study included a very
restricted number of diabetic patients with an estimated GA
between 31 and 34 weeks, these findings are limited to
patients with a GA greater that 35 weeks. It is possible that
higher FLM S/A ratio results in this group were due to a
decreased concentration of albumin in amniotic fluid as
reported in some diabetic pregnancies.23,24 It is well recog-
nized that 20% to 30% of diabetic women develop proteinuria
during pregnancy25 and that increased albumin excretion
begins at levels of hemoglobin A1c as low as 5.9%.26

Moreover, microalbuminaria (proteinuria between 30 and
300 mg/dL) increases during the third trimester.27,28 The
increased FLM S/A ratios in diabetic pregnancies are not
likely to cause significant underdiagnosis of RDS, as

shown by previous studies indicating satisfactory prediction
of RDS in the subpopulation of patients.17-20

Our findings are consistent with several recent studies
that failed to find differences in biochemical lung matura-
tion between normal and diabetic pregnancies.6-10 However,
most of these studies have not taken into account the differ-
ences in the GA distribution between these 2 groups. The
present study was designed to control the possible
confounding effect of GA in biochemical fetal lung matura-
tion testing.

Our findings of a lack of association between the
presence of diabetes and delay in the maturation of
surfactant are similar to those of Ferroni et al,29 using
multiple regression analyses to examine the role of GA
and diabetic status in fetal lung maturation. Our study
differs from that of the study by Ferroni et al29 in that the
DSPC level has been shown to be more reliable for
predicting RDS than the L/S ratio.15,30
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❚Figure 2❚ Distribution of mean (± SE) results for fetal lung maturity (FLM) by the surfactant/albumin (S/A) ratio in relation to
gestational age in the diabetic (31-39 weeks, n = 179) and nondiabetic populations (27-41 weeks, n = 300).
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Adequate glucose control in diabetic pregnancies has
been associated with a lower risk of fetal lung immatu-
rity,10,31 whereas high maternal levels of total hemoglobin
A1 have been linked to delayed FLM.32,33 The distribution
of glycated hemoglobin in our patient population suggests
that glucose levels may have been reasonably controlled
throughout pregnancy. Although higher hemoglobin A1
values were observed at the beginning of the gestation in
the diabetic group, they may reflect mean blood glucose
levels during the proceeding 2 to 3 months of gestation.22

Recent advances in obstetric care during diabetic preg-
nancies, including the ability to achieve euglycemia, accu-
rate determination of gestational age, antepartum fetal
surveillance, and pospartum treatment with synthetic
surfactant, have dramatically decreased the incidence of
morbidity and mortality due to RDS in diabetic pregnan-

cies.6,20,22,33 Our findings indicate that the decreased inci-
dence of RDS in diabetic pregnancies also may be due to
amniotic fluid DSPC levels that are appropriate for the GA.
We conclude that the amniotic fluid levels of DSPC, the
major surface tension–lowering component of the pulmonary
surfactant, are not significantly different between adequately
controlled diabetic and nondiabetic pregnancies.
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❚Figure 3❚ Distribution of mean (± SE) results for disaturated phosphatidylcholine (DSPC) in relation to gestational age in the
diabetic (31-39 weeks, n = 179) and nondiabetic populations (25-41 weeks, n =1,231).
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