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Lactation has been recommended as beneficial for the maternal metabolic abnormalities associated with glucose intolerance
and diabetes risk, although associations between breastfeeding (BF), glucose tolerance, and adipose tissue distribution are
unknown. Therefore, a population of women with recent gestational diabetes (GDM) was evaluated with comparison of
results for lactating versus nonlactating women. A total of 26 women participated (14 BF and 12 nonbreastfeeding [nonBF])
with a singleton vaginal delivery after 36 weeks gestation. At 3 months postpartum, each woman completed a 75-g oral
glucose tolerance test (OGTT), a frequently sampled intravenous glucose tolerance test (FSIGT), and computed tomography
(CT) scanning for adipose distribution and mass. Insulin sensitivity was not significantly different between BF and nonBF
groups (4.97 + 0.78 v3.44 = 1.0 x 10 min™"/(nU/mL) nor was glucose effectiveness (1.92 + 0.22 v 1.56 = 0.19 x 102 min™).
However, the disposition index (DI) (insulin sensitivity [S,] x acute insulin response to glucose [AIRg]) was higher in the BF
group (129.9 + 26.0 v53.4 = 18.0 X 10 min™"; P = .03). Visceral fat (103 = 14 v 97 = 15 cm?) and subcutaneous fat (362 + 36
v 460 = 68 cm?) were similar between the groups. We conclude that 3 months of BF in a population with previous GDM was
associated with improved pancreatic B-cell function, but not with any difference in measures of adiposity.

Copyright © 2001 by W.B. Saunders Company

ESTATIONAL DIABETES (GDM) is a common and OGTT. Baseline blood samples for cholesterol, triglycerides, and glu-

transient glucose intolerance of pregnancy most oftencose were taken, 75 g of oral glucose was given over 10 minutes, and
resolving at delivery. However, women with GDM remain at @ second blood sample for glucose was drawn at 120 minutes. Impaired
an increased risk for postpartum abnormalities in insulin SeCreglucose tolerance and diabetes were diagnosed by American Diabetes
tion and insulin action, as well as type 2 diabetésnterven-  ASSociation (ADA) guidelines:

tions to decrease this risk of progressive glucose intolerance arErequentIy-SampIed Intravenous Glucose Tolerance Test
limited to recommendations pertinent to the general population,
wherein diet, exercise, and possibly, sulfonylurea medica- Within 2 weeks of the OGTT, each participant came to the Clipical
tions” may be protective. Evidence from animal and humanlnvestlganon Area after a 12-hour fast for a frquently-samp!ed intra-
studies suggests that lactation could have beneficial effects of oS glucose tolerance test (FSIGT). Women in the lactating group

| ol ¢ | iaht d adi 8 were again asked to have breastfed their infant within the 2 hours
glucose tolerance, maternal weight, and adipose €. pefore onset of testing. This testing was performed in the first 2 weeks

Thus, we questioned whether breastfeeding (BF) could re€Presfter a menstrual cycle if the woman had already experienced the return
sent a practical primary intervention against insulin resistances her menses.
and central obesity in women at risk for postpartum glucose An intravenous line was established in each antecubital fossa and
intolerance. Therefore, we examined whether lactation wakept open with normal saline. Four baseline samples of blood were
associated with differences in glucose tolerance, insulin sensidrawn through the IV for glucose, insulin, and C-Peptide at times -15,
tivity and secretion, body habits, and adipose tissue in a pop=10. -5, and -1 minutes. A bolus of 50% dextrose was then administered
ulation of women with a history of GDM. over 1 minute at a dose of 300 mg/kg. Subsequent blood samples for
glucose, insulin, and C-peptide were drawn at 2, 3, 4, 6, 8, 10, 12, 14,
16, and 19 minutes after the glucose bolus. Starting at 20 minutes, a
RESEARCH DESIGN AND METHODS bolus injection of regular human insulin at a dose of 0.03 U/kg was

BF and nonbreastfeeding (nonBF) women with a history of GBM given over 1 minute. Blood samples were again taken at 22, 23, 24, 25,
and vaginal delivery of a live singleton infant after 36 weeks gestation27, 30, 40, 50, 60, 70, 80, 100, 120, 140, 160, and 180 minutes. Insulin
were recruited from the practices of participating physicians and of-rather than tolbutamide modification of the FSIGT was chosen, as it
fered participation. All women were Caucasian, consistent with localwas expected some of the women would have already developed
population demographics. After giving informed consent, all women diabetes and therefore may have had too small an insulin response to
were advised to exercise 3 times a week for 1/2 hour and also tdolbutamide to allow mathematical modelling of results.
achieve their ideal body weight within 12 months postpartum.

At 3 months postpartum, participants came to the Clinical Investi-
gation Unit on 2 separate occasions, having fasted after midnight. The o ] ]
following were documented at the first visit: heart rate and blood From the Division of Endocrinology and Metabolism, Department of
pressure after sitting quietly for 10 minutes, weight gain of pregnancy,Medicine, The University of Western Ontario, London, Ontario; and
infant birthweight, smoking history, hours of weekly exercise, weight, € School of Kinesiology, Simon Fraser University, Burnaby, British
height, waist-hip ratios. Three months postpartum was chosen fofc0lumbia, Canada.
evaluation in an effort to minimize the potential variability of fre- ~ Submitted August 22, 2000; accepted December 19, 2000.
quency and duration of lactation that would ensue as infant diets were SuPPorted by a grant from The Physicians’ Services Incorporated

supplemented by bottle feeding and solid foods. Foundation, Toronto, Ontario, Canada.
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Computed Tomography Scan Determination of Subcutaneousensitivity parameters and adipose tissue measures, waist-hip ratios,
and Visceral Fat body mass index (BMI), and lipid values. Repeated measures analysis
of variance (ANOVA) were used to evaluate results for lactating and

After a negative serun human chorionic gonadotropirBliCG), - - - : )
o . nonlactating women. Categorical variables were compared by Fisher’s
participants underwent computed tomography (CT) scanning for deteréxact test

mination of visceral and subcutaneous adipose tissue. A Picker (Cleve-

land, OH) PQ2000 scanner was used with methodology as previously

described# Subjects were scanned supine with arms above the head. RESULTS

CT scout radiograph determined the position of the scans at L4 to LPgpulation Characteristics

level. Total fat area was then outlined by cursor with computer calcu- . . .

lation of adipose tissue area within the highlighted area with an atten- Twenty-six women participated in the study: 14 who had

uation interval for adipose tissue of -30 to -190 FJSDeep abdom-  breastfed for at least 3 months and 12 who had not breastfed

inal fat area was measured by drawing a line within the muscle wall,past hospital discharge. Groups were matched for age, weight,

outlining the abdominal cavity. Abdominal subcutaneous fat area wasveight gain of pregnancy, weight at delivery, weight loss by 3

then calculated as the difference between total fat and deep abdominahonths postpartum, BMI, size of infant, duration of GDM

fat areas. diagnosis, blood pressure, waist-hip ratios, and exercise habits

Glucose, Insulin, and C-Peptide Assays (Table 1).
Plasma glucose concentrations were determined by glucose oxidasg|ycose Tolerance, Insulin Sensitivity, and

method (Synchron CX Beckman Delta System; Beckman, Irvine, CA)-Adipose Tissue Results

Precision of glucose assay was 2.0% within and 3% between assays at

a mean of 5.6 mmol/L. Serum insulin levels were assayed on the Lactating and nonlactating women were not different with

Abbott IMx Analyzer (Abbott Labs, Chicago, IL) by microparticle respect to fasting glucose, fasting insulin, fasting cholesterol,

enzyme immunoassay technology. Precision of insulin was 4% withinand triglycerides or oral glucose tolerance. In addition, there

and 4.7% between assays at a mean of 14.5 mU/L. C-Peptide samplggere no differences in SS., or AIRg. However, lactating

were analyzed by RIA (Incstar, Minneapolis, MN). Precision of C- \yomen did have a significantly higher DI (1299 26.0 v

Peptide was 5.7% within and 12.0% between assays at a mean of 469 4+ 18.0 X 10% min™ P = .03) implying a significantly

pmol/L. higher B-cell function for the degree of insulin resistance.

Data Analyses Visceral and subcutaneous adipose volumes were not different

o between the groups, nor was the ratio of visceral to subcuta-
The FSIGT data were analyzed by Bergman’s Minimal Model meth-

0d® to provide estimates of insulin sensitivity,J$nd glucose effec neogs .a.dlpose tlssug (Table 2). .

tiveness (8). First phase insulin response to glucose (AIRg) was Significant correlations were present betwegar$il visceral
determined from the FSIGT as the mean insulin from 2 to 10 minutes'at (r = -0.58,P = .01); § and subcutaneous fat '0'7_0’
minus basal insulin. The disposition index (DI) was calculated as thé® = -001) when all BF and nonBF women were considered

product of $ X AIRg. together. Similarly, there were significant correlations between
o _ Sg and subcutaneous fat & -0.50,P = .03); §; and total
Statistical Analysis body fat ¢ = -0.54, P = .02). The DI was not significantly

Population means were compared by 2-santplests, as well as  correlated with any of the adipose measures. The nonlactating
Wilcoxon ranked sum test. Correlations were sought between insulirgroup alone had significant correlations betwegarsl subcu

Table 1. Population Demographics

Lactating Women Nonlactating Women P

No. 14 12

Age (yr) 309 +1.3 30.7 +1.3 .89
Weight gain during pregnancy (kg) 11.6 = 1.6 11.2 £ 2.0 .86
Peak pregnancy weight (kg) 86.1 =54 929 +79 47
Weight loss by 3 months (kg) 9.2 +13 10.3 + 2.8 .69
Weight (kg) 76.8 + 18.5 72.9 + 8.0 .67
BMI 30.0 +1.9 30.7 = 2.1 .81
W/H ratio 0.82 = 0.02 0.81 = 0.02 .73
Systolic blood pressure (mmHg) 1143 1.8 118.3 £ 3.7 .33
Diastolic blood pressure (mmHg) 718+ 2.0 73.6 =24 .57
Infant weight (kg) 3.69 = 0.20 3.68 = 2.00 .97
Exercise (h/wk) 1.4+ 0.6 23+0.8 .35
Duration of GDM (wk) 13.2+1.6 1356+ 25 .92
Smoking 2 1 1.00
On insulin during pregnancy 2 2 1.00
IGT at 3 months 4 2 .64
Diabetic at 3 months 1 3 .59
On OC at 3 months 3 5 .66

NOTE. Results are reported as mean = SEM.
Abbreviation: OC, oral contraceptive.
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Table 2. Insulin, Glucose, and Adipose Measures postpartum, we may have decreased associated confounding

Lactating Nonlactating effects.

Women Women P The mechanisms through which lactation has an effect on
Fasting glucose (mmol/L) 5.3 + 0.3 5.4+ 0.2 58 B-cell function remain speculative. BF is associated with in-
Fasting insulin (pmol/L) 942 +156 86.4+120 .70 creased metabolic ra#é23 so that perhaps there could be
Cholesterol (mmol/L) 5.0+ 0.4 45+0.3 .27 associated enhancement of insulin sensitivity and thereby
Triglycerides (mmol/L) 1.3+0.2 2.0=04 12 B-cell function. Possibly, there could be direct prolactin effects
$i (X107 min~/(uU/mL)) 497 +0.78 344=1.00 .24 as levels increase with lactation, and in vitro experiments of
Sg (X102 min™") 1.92+022  156+0.19 .25 islets cultured with prolactin have shown enhanced stimulated
AlRg (“Ejim"_) » 31999 18.3 = 5.6 26 insulin secretior?* Furthermore, women supplemented with
DI (>107% min” ) 129.9- 260 53.4+180 .03 vitamin D have increased insulin secretion raising the possibil-
Visceral fat (cm?) 103 + 14 97 = 15 .75 . . . . - . . .
Subcutaneous fat (cm?) 362 « 36 460 = 68 19 ity that recommendations to drink milk fortified with Vitamin

Visceral/subcutaneous fat  0.29 = 0.03  0.25 + 0.05 .43 D while breastfeeding could have resulted in an effect on
pancreatic functioA®> These or other potential mechanisms
responsible for the observed effects of lactation remain to be
explored.

While obesity and central body fat are known risks for
glucose impairmerfé-31 there has been little previous explo-
ration into an effect of BF on adipose tissue distribution. One
taneous fatr(= -0.80,P = .01), as well as total body fat & observational study of nondiabetic women found a significant
-0.80,P = .01). Also, & remained significantly correlated with weight loss only after 6 months of BP.That study also
subcutaneous fat (= -0.68,P = .04) and total body fatr(= reported a decrease in suprailiac and subscapular skinfold
-0.70,P = .04), while again DI was not correlated with adipose thickness over 6 months in women who breastfed, although
measures. Lactating women as a separate group had no signifaist/nip measures of central obesity were not reported. There
icant correlations between, S, and body fat measures. has also been some in vitro experimental evidence suggesting

that lactation may influence regional fat tissue metabolism,
DISCUSSION wherein a study evaluating human abdominal and femoral

In this study, BF women had higher insulin secretion atadipose lipolysis reported lactation was associated with lower
comparable levels of insulin sensitivity as shown by increasedextracellular adenosine, raising the possibility that lactation
values for the DI. However, 3 months of BF was not associatednight mobilize lipids preferentially from femoral versus ab-
with any differences in body weight, postpartum weight loss,dominal adipose tisswi.In keeping with this, another study
adipose tissue measures, or risk of impaired glucose toleranaeported that femoral fat cells from lactating women exhibited
and diabetes. increased lipolysig?

Both AIRg and $ are determinants of glucose tolerance. It In contrast to the clinical implications of the foregoing
has been proposed that the relationship between AIRg gisd S indirect evidence, our women had no differences in postpartum
hyperbolicl” a relationship consistent with the data obtained in weight loss, BMI, waist-hip ratios, and CT measures of adipose
our population, as well (Fig 1). Due to this hyperbolic relation- tissue. This may be due to better matching for exercise and
ship, the DI (AIRg X S) is useful to permit assessment of contraceptive use than previously reported, but also, we have
insulin secretion while taking into account the level of insulin measured central adipose measures more directly than any
sensitivity18.19 We found that the DI was higher in lactating previous reports through using waist-hip ratios and radiologic
women, suggesting that these women were better able to main-
tain their B-cell function for their degree of insulin resistance.

An increase in3-cell function associated with BF would be o
consistent with previous reports of nursing women. An obser-
vation within a group of lactating women (but without a GDM
history) at 8 weeks postpartum found that BF women had lower
fasting glucose and insulin levels.Another report from a
retrospective survey of a large population of Latino women
with GDM concluded that BF was associated with a decrease ir
both fasting glucose and improved glucose tolerance as deteé—
mined by the glucose area under the curve from the O&TT. *
However, unlike this study in Latino women, we did not find a  «»
significant difference in insulin levels in the OGTT. While this
may reflect our smaller sample size, it may also be due to ,,
differing ethnic backgrounds as our Caucasian participants may
have had less tendency to insulin resistance. Also, in matching .
our women for contraceptive use, exercise patterns, timing of 2 . o & 12 "
acute BF before testing, duration of diabetes, and insulin use
during pregnancy, in addition to evaluating all at the same time Fig 1. AIRg v S, in lactating and nonlactating women.

NOTE. DI: AIRg X S,. Results are reported as mean + SEM.
Abbreviations: AlIRg, acute insulin response to glucose; S,, insulin
sensitivity; Sg, glucose effectiveness.
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imaging. In addition, it may be that women with a history of given the progestin-only pill, therefore, no conclusions could
GDM have different responses to BF than the nondiabetiche drawn about lactation and use of combination OC. All OC
populations, which have been reported to this point. Finally, 3used by our study women were estrogen and progesterone
months of lactation may have been insufficient time to result incombinations in keeping with local practice, and similar num-
significant body habit alterations. Our findings are consistenbers of our BF and nonBF women decided to use them. Al-
with other reports in which lactation was either not significantly though the numbers were evidently small, we did compare OC
associated with postpartum weight loss or, at most, only weaklysers versus non-OC users in BF and nonBF groups and found
correlatedt!31 no significant differences between them.

The present study was not designed to investigate the issue In summary, we conclude that within a matched population
of oral contraceptive (OC) use and glucose tolerance, althougbf women with a history of GDM, 3 months of BF was
8 of our participants had returned to a birth control pill for 1 associated with improved pancreagecell function, but not
month before testing. A previous retrospective study of OC usewith any significant differences in glucose tolerance, adipose
in women with antecedent GDM reported there was no in-tissue mass, or adipose distribution.
creased risk of postpartum diabetes when women used combi-
nation estrogen and progesterone OC in comparison to women
using nonhormonal contraceptiéhProgestin-only OC were ACKNOWLEDGMENT
associated with an increased risk of type 2 diabetes mellitus, The authors wish to thank Dr S. Tokmajian and Sue Disney for their
but all BF women who wanted hormonal contraception wereexpert assistance in completing this study.
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