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Abstract

Objectives—Lactation may influence future progression to type 2 diabetes after gestational

diabetes mellitus (GDM). However, biomarkers associated with progression to glucose intolerance

have not been examined in relation to lactation intensity among postpartum women with previous

GDM. This study investigates whether higher lactation intensity is related to more favorable blood

lipids, lipoproteins and adipokines after GDM pregnancy independent of obesity, socio-

demographics and insulin resistance.
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Methods—The Study of Women, Infant Feeding, and Type 2 Diabetes (SWIFT) is a prospective

cohort study that recruited 1,035 women diagnosed with GDM by the 3-hour 100 g oral glucose

tolerance tests (OGTTs) after delivery of a live birth in 2008–2011. Research staff conducted 2-

hour 75 gram OGTTs, and assessed lactation intensity, anthropometry, lifestyle behaviors and

socio-demographics at 6–9 weeks postpartum (baseline). We assayed fasting plasma lipids,

lipoproteins, non-esterified free fatty acids, leptin and adiponectin from stored samples obtained at

6–9 weeks postpartum for in 1,007 of the SWIFT participants who were free of diabetes at

baseline. Mean biomarker concentrations were compared among lactation intensity groups using

multivariable linear regression models.

Results—Increasing lactation intensity showed graded monotonic associations with fully

adjusted mean biomarkers: 5–8% higher high-density lipoprotein cholesterol (HDL-cholesterol),

20–28% lower fasting triglycerides, 15–21% lower leptin (all trend P-values<0.01), and with 6%

lower adiponectin, but only after adjustment for insulin resistance (trend P-value=0.04).

Conclusion—Higher lactation intensity was associated with more favorable biomarkers for type

2 diabetes, except for lower plasma adiponectin, after GDM delivery. Long-term follow-up studies

are needed to assess whether these effects of lactation persist to predict progression to glucose

intolerance.
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Introduction

Clinical studies in lactating women have consistently reported lower early postpartum

fasting triglycerides,(1;2) and higher HDL-cholesterol.(3;4) Lactation duration has been

associated with higher plasma HDL-cholesterol up to 2 years postpartum,(5;6) but others

found no association with adipokines (leptin and adiponectin) at 3 years postpartum. (7;8) In

women with recent gestational diabetes mellitus (GDM), lactation also has been associated

with more favorable metabolic parameters during the postpartum period,(9–13) including

lower plasma glucose (fasting and 2-hour), improved glucose tolerance, improved pancreatic

β-cell function and higher HDL-cholesterol. Evidence is limited and conflicting about

whether lactation exerts persistent effects on metabolism that may reduce future risk of type

2 diabetes. One retrospective study of women with a history of GDM reported no

association,(14) and a prospective study in antibody negative women with GDM reported a

45% lower incidence of diabetes for longer lactation.(15) However, the first study relied on

self-report of type 2 diabetes, and both studies may be affected by recall bias, or potential

residual confounding from postpartum lifestyle behaviors. Another 20-year study of black

and white women that collected repeated measures (anthropometry, glycemia, and fasting

lipids), both before and after pregnancies, found a graded inverse association between

lactation duration and incidence of the metabolic syndrome in midlife among women with a

history of GDM, independent of lifestyle changes, weight gain and socio-demographics.(6)
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Previous studies have not utilized a quantitative measure of lactation intensity to assess the

“dose-response” relationship with maternal metabolism, except for our large cohort of

women with recent GDM. Our previous study found that higher lactation intensity was

associated in a graded manner with lower fasting plasma glucose and insulin, as well as

lower prevalence of prediabetes, even within obese women.(12) To our knowledge,

biomarkers of insulin resistance, such as adiponectin and leptin, have never been assessed in

relation to any measures of lactation (intensity or duration) among women with previous

GDM.

We sought to determine whether increasing lactation intensity was associated with less

atherogenic lipids and lipoproteins, and with lower free fatty acids (FFA) and leptin.

Because the lactogenic hormone, prolactin, may suppress adiponectin levels,(16) we

hypothesized that adiponectin would be inversely related to lactation intensity among

insulin-resistant women with a history of GDM.

Materials and Methods

Research Design, Study Population

The sample for this analysis includes participants in the Study of Women, Infant Feeding,

and Type 2 Diabetes After GDM Pregnancy (SWIFT), an ongoing prospective,

observational cohort that enrolled 1,035 women with a GDM pregnancy between 20–37

weeks gestation, diagnosed by Carpenter and Coustan criteria,(17) delivered a live birth ≥ 35

weeks gestation from September 2008 and December 2011 at a Kaiser Permanente Northern

California (KPNC) hospital, and intending to intensively breastfeed or intensively formula

feed their infant. Women provided written, informed consent to participate in three in-

person exams during the interval from 6–9 weeks postpartum to two years postpartum, and

met the study eligibility criteria as previously described (18) and as shown in the

Supplemental Table 1. The overall response rate among pregnant women with GDM was

46%, and the enrollment rate was 68% among women who met the study eligibility criteria.

For this analysis, we excluded 19 women due to elevated fasting glucose ≥126 mg/dL, or 2-

hour glucose ≥200 mg/dL at 6–9 weeks postpartum diagnostic of diabetes, one woman who

dropped out at baseline, and 8 women who did not have stored plasma specimens. The

sample consisted of 1,007 participants who had fasting plasma specimens available and were

free of diabetes at the baseline exam at 6–9 weeks postpartum. The Kaiser Permanente

Institutional Review Board approved the study protocol. Written, informed consent was

obtained from each participant for all study procedures that were conducted in accordance

with the ethical standards of the institution.

Data Collection

Research assistants interviewed women about infant feeding intentions and practices from

late pregnancy through 9 weeks postpartum via two telephone interviews, mailed infant

feeding diaries to record formula supplementation and breastfeeding (duration, frequency

per 24 hours, and amount of formula), and one in-person exam at 6–9 weeks postpartum.

Women were classified into one of two groups at the 3–5 weeks telephone eligibility
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screening: 1) intensively breastfeeding (exclusive; 0 ounces of formula, or mostly; ≤6

ounces of formula per 24 hours), or 2) intensively formula feeding (exclusive; non-

breastfeeding, or mostly; ≥14 ounces of formula per 24 hours), and stated their intent to

maintain the same feeding practices for at least 4 months postpartum. By design, women

were not enrolled if they reported supplementation with formula ranging from 7 to 13

ounces per day (mixed feeding) at the screening interview.(18) Research assistants mailed

women instructions on how to prepare for the oral glucose tolerance test (OGTT) (consume

adequate carbohydrate for 3 days, fast for at least 10 hours the night before), and advised

women to express their breast milk before the test so they could feed expressed breast milk

to their infant during the 2-hour 75 g OGTT.

At the 6–9 weeks postpartum exam, women provided written, informed consent prior to the

collection of the blood specimens, administration of the 2-hour 75 g OGTT (annually for

two years), medical and lifestyle questionnaires, and anthropometric measurements as

previously described.(18) The fasting plasma samples collected at baseline (6–9 weeks

postpartum) were shipped within one month to the University of Washington, Northwest

Lipid Metabolism and Diabetes Research Laboratory for the glucose and insulin assays.

Additional fasting plasma collected from the baseline exam was separated into 1.8 mL

aliquots and stored at −70° C until it was shipped to the University of Washington in 2012

for the assays (lipids, lipoproteins, FFA, adipokines).

At the baseline exam, research staff queried women again about their frequency of

breastfeeding, number of expressed breast milk feedings by bottle, and formula

supplementation (quantity) per 24 hours during the past 7 days. We classified women into

one of five lactation intensity groups: 1) exclusive breastfeeding; 0 ounces of formula or

other milk feeds, 2) mostly breastfeeding; ≤ 6 ounces of formula per 24 hours, 3) mixed

(breast milk and formula >6 to ≤ 17 ounces per 24 hours) or inconsistent feeding method, 4)

mostly formula feeding >17 ounces per 24 hours, and 5) exclusive formula feeding.(12) The

mixed/inconsistent group included women who had transitioned to higher formula

supplementation between the 4–5 weeks postpartum screening interview and the 6–9 weeks

postpartum exam.

Trained research assistants asked women to recall the duration of fasting and breastfeeding

during the fasting period prior to the OGTT, recorded breastfeeding episodes during the 2-

hour 75 g OGTT as described previously,(19) and measured weight, height and waist

circumference via standardized methods using calibrated research quality scales (Tanita

WB-100A, Tanita Corp, Toyko, Japan), stadiometer equipment (SECA, Model 67029,

United Kingdom, www.seca.com), and measuring tapes (Gulick, 67019, Country

Technology, Inc., United States). Interviewer and self-administered questionnaires collected

information on socio-demographics, enrollment in Women’s, Infants and Children (WIC)

special supplemental nutrition program, medical history, contraception, depression, and

lifestyle behaviors. We utilized KPNC electronic medical records to obtain prenatal

laboratory results and dates of GDM diagnosis (3-hour 100 g OGTT), GDM treatment, as

well as maternal body weights. Gestational weight gain (kg) was defined as the last weight

before delivery minus reported pre-pregnancy weight. Postpartum weight loss (kg) was
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calculated as the difference between the woman’s weight measured at 6–9 weeks postpartum

and her last weight before delivery.

Biochemical Assays

For this analysis, we utilized fasting plasma collected at 6–9 weeks postpartum (baseline in-

person exam) to measure lipids, lipoproteins, non-esterified FFA and adipokines

(adiponectin, leptin). Assays were performed on thawed frozen fasting plasma stored at −70°

C from the SWIFT baseline. The specimens were shipped to the University of Washington,

Northwest Lipid Metabolism and Diabetes Research Laboratory and analyzed for insulin,

glucose, lipids, lipoproteins, non-esterified FFA, leptin and adiponectin. Plasma glucose was

analyzed enzymatically using Roche reagent on a Roche Modular P autoanalyzer. The

method is based on the combined catalytic activities of hexokinase and glucose-6-

phosphate-dehydrogenase. Total immunoreactive insulin (µU/mL) was assayed using a

double-antibody radioimmunoassay with high precision. The assay is a 48-hour

Polyethylene glycol (PEG)-accelerated assay involving a primary antibody, guinea pig anti-

human insulin, and a secondary antibody, goat anti-guinea pig immunoglobulin.

Measurements of total cholesterol in plasma and cholesterol in the lipoprotein fractions and

triglycerides were performed enzymatically using Roche reagent on the Roche Modular P

autoanalyzer by methods standardized to the Centers for Disease Control and Prevention

Reference Methods. Determination of HDL-cholesterol was performed after precipitation of

apo B-containing particles by dextran sulfate Mg2+. LDL-cholesterol was calculated by the

Friedewald equation. The Friedewald equation for the estimation of LDL-cholesterol is

inaccurate when triglycerides are >400 mg/dL. In this case, a complete lipoprotein

separation by ultracentrifugation, which allows quantitation of the individual lipoprotein

classes, was performed using the Lipid Research Clinics Beta Quantification procedure. The

inter-assay coefficients of variation (CVs) are consistently <1.5% for total cholesterol and

triglycerides and <2% for HDL-cholesterol. Analysis for non-esterified FFA in plasma was

performed on a Roche Hitachi Modular P analyzer. The range of linearity of this method is

up to 4.0mEq/L. The minimum detectable level of the method is estimated to be 0.0014

mEq/L. Intra and Inter-assay CVs are 0.75% and 3.7% respectively. Total bilirubin levels up

to 10 mg/dL have negligible interference in the measurement of results.

Analysis of adiponectin in plasma samples was performed using a latex particle-enhanced

turbidimetric immunoassay (Otsuka Pharmaceuticals, Ltd) performed on Roche Modular P

analyzer. The analysis uses latex beads-immobilized with an anti-adiponectin antibody. The

assay sensitivity is 0.5 µg/mL and the analytical range is 0.5–25 µg/mL. Inter assay CVs for

high and low adiponectin level samples are 1.9 % and 2.5% respectively.

The leptin analysis was performed using a commercially available radioimmunoassay kit

(EMD Millipore, Inc., St Charles, MO). The assay uses 125I-labeled human leptin and a

rabbit anti human leptin antibody and is highly specific and shows no cross reactivity to

human leptin fragments. The assay sensitivity is 0.5 ng/mL and the assay linearity is up to

100 ng/mL. Intra- and inter-assay CVs for the leptin radioimmunoassay (RIA) are 3.53%

and 5.2% respectively.
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Indices of insulin resistance (homeostatic model assessment of insulin resistance; (HOMA-

IR), insulin sensitivity (insulin sensitivity index; ISI0, 120) and homeostatic model

assessment of insulin secretion (HOMA-β) were calculated using measures obtained from 0

and 120 minutes during the OGTT.(20)

HOMA-IR = (G0 × I0)/22.5;

ISI0, 120 = (m/MPG)/log MPI

HOMA-β = (20 × I0)/(G0 − 3.5)

G0 = fasting glucose, I0 = fasting insulin,

G120 = glucose post 2-hour OGTT, I120 = insulin post 2-hour OGTT

m = [75,000 mg + (G0 − I120) × 0.19 × body weight]/120 min;

MPG = (G0 + G120)/2

MPI = (I0 + I120)/2

MPG = mean plasma glucose

MPI = mean plasma insulin

Glucose Tolerance Classification

Glucose tolerance was defined as normal, glucose intolerant [e.g., prediabetes; impaired

fasting glucose (IFG) 100–125 mg/dL, and/or impaired glucose tolerance (IGT) for 2-hour

75 g post-glucose 140–199 mg/d], or diabetes based on the American Diabetes Association

diagnostic criteria for the 2-hour 75 g OGTT [fasting ≥126 mg/dL and/or 2-hour ≥200

mg/dL] and a repeat OGTT for women with elevated values. (21)

Statistical Methods

Lactation intensity group characteristics were contrasted using chi-square statistics for

categorical variables (race, education, participation in the Special Supplemental Nutrition

Program for Women, Infants and Children [WIC], contraception, glucose tolerance groups)

and by comparison of means for continuous variables (fasting blood glucose, insulin,

HOMA-IR, HOMA-β, ISI0, 120, triglycerides, lipoproteins, FFA, adiponectin and leptin)

using F-statistics. Given skewness in distributions, adiponectin and leptin concentrations

were log transformed in all analyses, with exponentiation of crude and adjusted means, and

associated confidence intervals, from linear regression analyses to obtain point and interval

estimation of geometric means. Insulin and triglycerides concentrations were assessed for

skewness, but transformation was not necessary. All P-values are for two-sided tests; and

statistical significance was set at P<0.05. Significance probabilities and confidence intervals

for the pair-wise comparisons were corrected for multiple comparisons using the Dunnett’s

procedure.

Unadjusted and adjusted means and 95% confidence intervals (95%CI) and group

differences (95%CI) for mean fasting parameters (exclusive or mostly formula feeding,

referent group) were estimated from multivariable linear regression models. All analyses

were conducted using SAS for Windows 9.1.3 (SAS Institute Inc., Cary, NC, USA).
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Covariates were evaluated as potential confounders based on a priori hypotheses and

included in regression models based on 10% change in one or more of the lactation intensity

groups regression coefficients.(22) Trends in means across lactation intensity groups were

assessed by assigning scores of 1, 2, 3 and 4 across increasing intensity groups, and treating

the score as a continuous variable in the regression model. HOMA-IR was added to

covariate-adjusted models to assess mediation within the lactation intensity associations

with triglycerides, FFA, lipoproteins and adipokines. Age, race and ethnicity, pre-pregnancy

BMI, glucose tolerance groups and HOMA-IR were also assessed as effect modifiers of the

lactation intensity and biomarker associations (significance level P<0.10).

Results

Participants’ age ranged from 21–45 years with a mean (SD) age of 33.5 (4.8) years (median

33.5). Overall, 77% were women of color: 36% Asian, 8% non-Hispanic Black, 31%

Hispanic, and 2% other. Of the 1,007 women, 437 (44%) were exclusively breastfeeding,

183 (18%) mostly breastfeeding, 128 (12%) mixed or inconsistent breast milk and formula,

100 (10%) mostly formula feeding and 159 (16%) as exclusively formula feeding. Mostly

and exclusively formula feeding groups were combined into a single referent group as

metabolic parameters were similar for these two groups (data not shown).

Exclusive and mostly breastfeeding (BF) groups compared with mixed feeding, and

exclusive or mostly formula feeding (FF) groups were more likely to report non-Hispanic

white race, to be multiparous, less obese, and slightly older, as well as having attained a

higher education and income level (not enrolled in WIC), and to deliver by C-section (Table

1). At 6–9 weeks postpartum, higher intensity lactation (exclusive BF and mostly BF

groups) was associated with lower fasting glucose and insulin, lower 2-hour glucose and

insulin, higher insulin sensitivity index, lower insulin resistance and insulin secretion

indices, as well as being less obese, less likely to be glucose intolerant, and having a smaller

waist girth (Table 2). Exclusively BF women reported breastfeeding for a longer period

during the fasting period and were more likely to have breastfed during the 2-hour OGTT.

Increasing lactation intensity was associated with a monotonic graded trend with decreasing

mean (95%CI) fasting triglycerides (mg/dL) by 20–28%, and increasing mean (95%CI)

fasting HDL-cholesterol (mg/dL) by 5–8%, all P-values for trend <0.01 (Table 3). The

group mean differences by lactation intensity for exclusive BF, and mostly BF groups

compared with the mostly or exclusive FF group remained significant in the fully adjusted

models including pre-pregnancy BMI, race/ethnicity, education, postpartum weeks, and time

period of fasting, except for mean HDL-cholesterol for the mostly BF group which was

attenuated to borderline significance. C-section was not a potential confounder of these

associations because of its strong association with maternal BMI which was included in the

fully adjusted models. We evaluated HOMA-IR as a mediator of the lactation intensity

associations with HDL-cholesterol and triglycerides concentrations and it modestly

attenuated the associations (data not shown). Fasting LDL-cholesterol was associated with

lactation intensity in unadjusted models, but not in fully adjusted models, or models

including HOMA-IR.
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Unadjusted and fully adjusted mean leptin (ng/mL) concentrations were inversely associated

with lactation intensity (lower by 15–21%) independent of pre-pregnancy BMI and other

covariates (Figure 1). Mean adiponectin showed a graded inverse association with lactation

intensity (lower by 6%), which was significant only after adjustment for HOMA-IR (P-value

for trend = 0.04), (Figure 2).

Weight loss from delivery to 6–9 weeks postpartum, and gestational weight gain did not

differ significantly among lactation intensity groups, and therefore, were not included in any

of the adjusted models, because they did not meet the criteria for confounding. Weight loss

was not correlated with adiponectin and leptin (Pearson correlation coefficients = 0.03 and

0.05) reflecting the maternal lean mass and fluid losses that occur during the early

postpartum period.(23) We also examined the two-way interactions for pre-pregnancy BMI,

parity, age, glucose tolerance groups, HOMA-IR and race/ethnicity groups to detect effect

modification in the associations between lactation intensity groups and postpartum plasma

biomarkers. The racial/ethnic group interaction reached statistical significance (P-

value=0.05), that reflected a slightly weaker association between HDL-cholesterol and

lactation intensity groups (data not shown) among Hispanics.

Discussion

Increasing lactation intensity was associated with lower fasting triglycerides, and leptin as

well as higher HDL-cholesterol in a graded monotonic relationship independent of maternal

obesity, clinical, and socio-demographic characteristics. Higher lactation intensity was also

associated with lower adiponectin levels independent of the same risk factors as well as

insulin resistance. Severity of gestational glucose intolerance, gestational weight gain, and

postpartum weight loss did not confound these associations. The 3.9 mg/dL higher average

plasma HDL-cholesterol for the exclusively lactating group in the present study is consistent

with previous cross-sectional studies in non-GDM lactating women,(24) and Latinas with

recent GDM that reported a 4 mg/dL higher mean HDL-cholesterol for any lactation versus

none.(9) However, Kjos et al. found no difference in fasting triglycerides adjusted for age,

BMI and prenatal insulin use,(9) which may be related to more formula use among the

lactating women, or the greater variability in the postpartum time interval (i.e., 1 to 4

months). However, lower fasting triglycerides among lactating versus non-lactating women

have been reported in non-GDM cohorts.(1;2) Fasting triglycerides increase by 200% during

gestation (25) and decline rapidly post-delivery.(2;26) One study reported a more rapid fall

in plasma triglycerides among lactating compared with women who never established

lactation.(2) Greater adipose tissue lipolysis and higher levels of lipoprotein lipase by the

lactating breast (27) are consistent with lower maternal triglyceride concentrations. A

previous study reported no differences for blood triglycerides in the range of 40–60 mg/dL,

(24) considerably lower than 100 mg/dL in our study.

We also found that higher lactation intensity was associated with lower plasma leptin and

adiponectin in our GDM cohort independent of maternal pre-pregnancy obesity, race, weight

loss, socio-demographics, and an index of insulin resistance (HOMA-IR). Previous studies

in “healthy” women reported no differences in plasma leptin changes from 3 to 6 months

postpartum for lactating versus non-lactating groups, or a null association between lactation
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duration and leptin measured only at 3 years postpartum. (8) However, these studies did not

assess changes in lactation intensity over time, nor did they adjust for glucose tolerance, or

insulin resistance in women. In our study, the inverse association between plasma leptin and

lactation intensity remained after adjustment for pre-pregnancy obesity and postpartum

insulin resistance. Gestational weight gain and postpartum weight loss did not confound the

association. Leptin is a marker of body adiposity, (28) and secretion from the mammary

adipose tissue is regulated by prolactin.(29) During lactation, prolactin suppresses leptin,

however, the hormonal mechanisms are not clearly understood.(30) For postpartum women,

lower leptin concentrations may be necessary to allow greater fluctuations in insulin

secretion that may enhance gluconeogenesis during lactation, or other metabolic adaptations

for milk production.

In the present study, plasma adiponectin was inversely associated with lactation intensity in

women with GDM after accounting for differences in insulin resistance (i.e., HOMA-IR).

These findings suggest that hormonal mechanisms to support lactation regulate adiponectin

independent of obesity and insulin resistance.(31) Our finding that adiponectin

concentrations were lowest for the highest intensity group is consistent with findings that

lactation is associated with lower insulin secretion.(32) A study of lean lactating women

reported that adiponectin decreased by 50% from early pregnancy to post-delivery, and that

prolactin inhibited the production and secretion of adiponectin from human adipocytes.(16)

Another study reported that duration of exclusive lactation was related in a non-linear

fashion to adiponectin levels at 3 years postpartum independent of body weight and other

confounders for postpartum women without GDM.(8)

Our findings for lower leptin and adiponectin with higher lactation intensity are consistent

with the actions of prolactin, although mechanism(s) through which lactation may affect

progression to glucose intolerance are unclear. Adiponectin is an adipocyte-derived protein

that has been correlated with insulin sensitivity and pancreatic β-cell function and

proliferation.(33) In suppressing circulating leptin and adiponectin,(34) prolactin may

reduce insulin secretion and enhance sensitivity of the pancreatic β-cells.(32) Lower

circulating adiponectin concentrations during lactation are unlikely to adversely affect

insulin sensitivity, because glucose uptake by the mammary gland is supported by non-

insulin mediated mechanisms. Thus, lower insulin secretion (35) during lactation may help

unload on the β-cells.

Our findings suggest that lactation has favorable short-term influences on biomarkers for

diabetogenesis, except for plasma adiponectin. The less atherogenic blood lipid profile

associated with higher lactation intensity is accompanied by greater insulin sensitivity and

lower fasting blood glucose.(12) Epidemiologic studies consistently report that higher

adiponectin predicts lower incidence of type 2 diabetes among adults in general,(36;37) and

better insulin sensitivity independent of adiposity.(38;39) Adiponectin has been inversely

associated with risks of both GDM (40–42) and type 2 diabetes.(43;44) Thus, lower

circulating adiponectin during lactation would appear to conflict with evidence that lactation

lowers risk of type 2 diabetes in the long-term.(14;15) However, lower adiponectin may be

beneficial because higher concentrations have been associated with weight gain in healthy

women of reproductive age.(45) Thus, temporary suppression of plasma adiponectin in
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lactating women might may affect adipose tissue metabolism or postpartum weight retention

that contribute to future diabetes risk.(46) In future analyses, changes in adiponectin and

leptin among lactation intensity groups would be necessary to confirm any potential link

with future weight changes.

Our study had some limitations, including the lack of longitudinal measures to assess the

lasting effects of lactation on biomarkers post-weaning, and no measurements of prolactin.

Very few studies have examined short- or long-term effects of lactation on metabolic

parameters among women with previous GDM. To our knowledge, studies of women with

prior GDM have never assessed circulating leptin and adiponectin concentrations by

lactation status or intensity. Moreover, insulin resistance has not been examined in relation

to lactation intensity and adiponectin, a key predictor of progression to type 2 diabetes

following GDM delivery. Our study findings provide evidence of biologic plausibility that

lactation may influence risk factors for diabetes and metabolic diseases after GDM

pregnancy.(6;15)

The SWIFT cohort is the first study of women with GDM, to our knowledge, to report that

higher lactation intensity is associated with lower circulating triglycerides, adiponectin and

leptin, and higher HDL-cholesterol. The cohort is comprised of a racially and ethnically

diverse sample of women with GDM (75% women of color) and thus, our findings are

highly generalizable, particularly given that Asian subgroups and Hispanic women

experience much higher rates of GDM than Caucasian women.(47) Longitudinal studies are

necessary to determine whether these effects attributed to lactation persist long-term, as well

as whether plasma adiponectin increases post-weaning to influence later insulin sensitivity.

Others have hypothesized that lactation may lower type 2 diabetes risk later in life through

physiologic hyperprolactinemia that may confer lasting benefits to pancreatic β-cells.(30)

However, direct evidence to support this hypothesis is unavailable. Ultimately, prospective

studies that assess lactation intensity changes over time, as well as lifestyle behaviors are

essential to confirm the epidemiologic evidence that lactation may prevent progression to

glucose intolerance in women with a history of GDM. A direct link between lactation, both

intensity and duration, and changes in biochemical risk factors for type 2 diabetes mellitus

after GDM pregnancy remains to be investigated in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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List of abbreviations

BF breastfeeding

CARDIA Coronary Artery Risk Development in Young Adults

CV Coefficient of Variation

FF formula feeding

FFA free fatty acids

GDM gestational diabetes mellitus

HOMA-β homeostatic model assessment of insulin secretion

ISI0, 120 insulin sensitivity index

KPNC Kaiser Permanente Northern California

IFG impaired fasting glucose

IGT impaired glucose tolerance

OGTT oral glucose tolerance test

RIA Radio Immunoassay

PEG Polyethylene glycol

SWIFT Study of Women, Infant Feeding and Type 2 Diabetes After GDM Pregnancy

WIC Women’s, Infants and Children nutrition program
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Figure 1.
Lactation Intensity at 6–9 weeks Postpartum and Mean (95% CI) Plasma Leptin (ng/mL) in

Women with Recent GDM adjusted for race/ethnicity, education, WIC enrollment,

postpartum time (weeks), pre-pregnancy BMI and minutes breastfeeding during the fasting

period and HOMA-IR1,2
1Means (95% CI) exponentiated from natural log transformed variable.
2 GDM, gestational diabetes mellitus; WIC, Special Supplemental Nutrition Program for

Women, Infants and Children.
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Figure 2.
Lactation Intensity Groups at 6–9 weeks Postpartum and Mean (95% CI) Plasma

Adiponectin (µg/mL) in Women with Recent GDM adjusted for race/ethnicity, education,

WIC enrollment, time postpartum (weeks), pre-pregnancy BMI and minutes breastfeeding

during fasting period and HOMA-IR1,2
1Means (95% CI) exponentiated from natural log transformed variable.
2 GDM, gestational diabetes mellitus; WIC, Special Supplemental Nutrition Program for

Women, Infants and Children.
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