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ABSTRACT

Introduction Longer duration of lactation is associated
with lower cardiometabolic disease risk, but pathogenic
pathways involved in the disease progression are unclear,
especially among high-risk women. We aimed to examine
the associations of lifetime lactation duration with
cardiometabolic biomarkers among middle-aged women
with a history of gestational diabetes (GDM).
Research design and methods Women with a history
of GDM participating in the Nurses’ Health Study
II, a prospective cohort study, were identified and
followed through biennial questionnaires beginning in
1991. Lactation history was asked in three follow-up
questionnaires to calculate lifetime duration. In 2012–
2014, fasting blood samples were collected through
the Diabetes & Women’s Health Study to measure
inflammatory (C-reactive protein (CRP), interleukin (IL)
6), liver enzyme (alanine aminotransferase, aspartate
aminotransferase, and gamma-glutamyl transferase),
and lipid biomarkers (total cholesterol, low-density
lipoprotein cholesterol, and high-density lipoprotein
cholesterol).
Results At follow-up blood collection, women were at
median age 58.2 (95% CI 51 to 65) years and 26.3 (95%
CI 15.7 to 34.1) years since GDM index pregnancy. After
multiple adjustment including prepregnancy body mass
index (BMI), longer duration of lactation was significantly
associated with lower CRP (least squares (LS) mean
1.90 mg/L (95% CI 1.47 to 2.45) for 0-month lactation,
1.98 mg/L (95% CI 1.68 to 2.32) for up to 12-month
lactation, 1.67 mg/L (95% CI 1.42 to 1.97) for 12–24
month lactation, and 1.39 mg/L (95% CI 1.19 to 1.62) for
>24-month lactation; p trend=0.003) and IL-6 (1.25 pg/L
(95% CI 0.94 to 1.68), 1.19 pg/L (95% CI 0.99 to 1.42),
1.04 pg/L (95% CI 0.87 to 1.25), and 0.93 pg/L (95% CI
0.78 to 1.11); p trend=0.04). Longer duration of lactation
was associated with lower risk for chronic inflammation
using CRP 3 mg/L cut-off in middle-aged women (OR 0.81
(95% CI 0.69 to 0.940 per 1-year increase) with multiple
adjustment.
Conclusions Longer lifetime duration of lactation was
associated with favorable inflammatory biomarker
concentrations in middle-aged women with a history of
GDM. Chronic inflammatory pathways may be responsible
for previously reported associations between lactation and
long-term risk for cardiometabolic diseases.

Significance of this study
What is already known about this subject?
►► Longer duration of lactation is associated with lower

cardiometabolic disease risk, but pathogenic pathways involved in the disease progression are unclear, especially among high-risk women.

What are the new findings?
►► Longer lifetime duration of lactation was associated

with favorable inflammatory biomarker concentrations in middle-aged women with a history of gestational diabetes (GDM).
►► Longer duration of lactation was associated with
lower risk for chronic inflammation using C-reactive
protein 3 mg/L cut-off in middle-aged women.
►► Chronic inflammatory pathways may be responsible
for previously reported associations between lactation and long-term risk for cardiometabolic diseases.

How might these results change the focus of
research or clinical practice?
►► The current investigation further contributes to the

growing evidence that breast feeding has an important role in women’s health.
►► Continued investigation on the long-
term consequences of breast feeding and other behavioral risk
factors during reproductive years is warranted from
the perspectives of the receiving offspring and from
the offering women, especially those who are at high
risk for cardiometabolic diseases.

INTRODUCTION
Cardiometabolic disease often manifests in
older adulthood, but it is a progressive disease
that has established risk factors emerging in
younger adulthood.1 The majority of these
risk factors are shared by both women and
men,1 but women have distinctive sex-based
biology and behavioral exposures including
pregnancy-related events.2 3 Women with a
prior history of gestational diabetes (GDM),
defined as diabetes diagnosed in the second
or third trimester of pregnancy that was not
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clearly overt diabetes prior to gestation,4 are at higher
risk for cardiometabolic disease progression.5 6 Longer
duration of lactation during reproductive years has been
associated with lower risk for cardiometabolic diseases
including hypertension, type 2 diabetes, cardiovascular
disease (CVD) risk and mortality in older adulthood.7–14
Therefore, there is a need to determine modifiable risk
factors and relevant pathways to improve cardiometabolic health of aging women who have been identified as
higher risk during reproductive years.
Growing data support the potential role of breast
feeding, which has the main purpose of supporting
child growth and development, on influencing lactating
women’s cardiometabolic health.12 15–17 However,
evidence is limited on specific cardiometabolic disease
progression pathways, including chronic inflammation,
dyslipidemia, and liver dysfunction, that may be influenced by lactation. Previously, duration of lactation and
cardiometabolic biomarkers at 3 years after the index
pregnancy were investigated in young women in their
30s,18 and the study reported no significant association
between lactation duration and inflammatory biomarker
assessed by C-
reactive protein (CRP) concentrations.
However, the mean CRP concentrations were low across
these young women,18 and therefore, the longer term
impact in the disease progression remains unknown. In
addition, inflammatory pathways may be more relevant
for women with a history of GDM because GDM is often
considered as manifestation of inflammation induced
by physiological stress during pregnancy.19 Similarly,
no associations reported between lactation duration
and lipid profile in the previous study18 warrant further
investigation among older women at higher risk for
cardiometabolic disease. Longer lactation duration was
recently associated with lower risk for non-alcoholic fatty
liver disease in women.20 Since elevated liver enzyme
biomarkers are known predictors for CVD risk,21 they
may also be a marker for identifying the specific pathways
implicated in cardiometabolic health benefits among
high-risk women who breast feed. Therefore, we examined the associations of lifetime duration of lactation
with cardiometabolic biomarkers, potentially involved in
cardiometabolic pathogenic pathways such as inflammatory,22 liver enzyme,21 and lipid metabolic biomarkers,23
among middle-aged women with a history of GDM. We
hypothesize that longer duration of lactation will be associated with favorable inflammatory, liver enzyme, and
lipid biomarker concentrations later in life.
METHODS
Study population
The Nurses’ Health Study (NHS) II is an ongoing prospective cohort of 116 671 female registered nurses from the
USA aged 25–42 years in 1989. Participants were followed
biennially using validated questionnaires on medical
history and lifestyle. NHS II participants were eligible for
inclusion in the current study if they reported a history of
2

GDM at the current analysis baseline in 1991 or incident
GDM through the biennial questionnaires up to 2001 or
through 2009 pregnancy questionnaire, which inquired
about the physician’s diagnoses of GDM. In a review of
medical records among 120 women, 94% of self-reported
GDM were confirmed.24 In a random sample of parous
women (n=100), a high level of GDM surveillance was
documented in this cohort with 83% reporting to have
undergone a glucose challenge test during pregnancy
and 100% reporting frequent prenatal urine screening.
The NHS II participants who reported a history of GDM
were invited to participate in the Diabetes & Women’s
Health Study (DWH), and details of the DWH Study
protocol have been published previously.25 Briefly, blood
samples were collected from 934 DWH Study participants
from the NHS II in 2012–2014.25 After excluding those
with cancer or CVD diagnosis before GDM index pregnancy (n=24), 689 women in total were included in the
current analysis.
Exposure assessments
Lactation history was asked in three NHS II follow-up
questionnaires. In 1993, participants were asked ‘how
many months in total (all births combined) did you
breastfeed?’ with response options: did not breast feed,
<1, 1–3, 4–6, 7–11, 12–17, 18–23, 23–35, 36–47, ≥48, and
cannot remember. Similar questionnaires were sent in
1997 and 2003 to update and overwrite lactation information with the latest response. Total duration of lactation was calculated based on the sum of the number of
months after each birth that the participant reported
stopping breast feeding completely.
Information on other potential cardiometabolic risk
factors including medical, demographic, reproductive, lifestyle practices and body weight was collected
through NHS II biennial questionnaires. The validity
of these assessments has been documented previously.26
Parity was defined as the number of pregnancies lasting
greater than 6 months. Menopausal status was captured
by asking biennially whether the participants’ menstrual
periods had ceased permanently. Self-
reported menopause status was highly reproducible in a validation study
from a similar cohort of nurses.27 Age at first birth was
collected through NHS II biennial questionnaire in 2007.
To reflect earliest available lifestyle information during
reproductive years, lifestyle data collected in 1991 were
used. Dietary intake was assessed using a validated semiquantitative food frequency questionnaire in 1991,28 29
and diet quality was assessed using the Alternate Healthy
Eating Index 2010 score.30 Physical activity was asked in
1991, and metabolic equivalent task hours per week was
derived.31 As a surrogate prepregnancy body mass index
(BMI) measure, BMI at age 18 years was calculated as
self-reported weight (kg) at age 18 years divided by the
square of height (m2). Based on the previous validation
study, self-reported weights were highly correlated with
measured weights (r=0.97).32
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Biochemical analyses
Blood sample collection was described in detail previously.25 Briefly, a phlebotomy kit and instructions for
fasting blood collection were sent to participants in 2012–
2014. Samples were returned via overnight shipping to a
central laboratory where blood was processed according
to standardized procedures and stored at −80°C. Inflammatory (CRP and interleukin (IL) 6), liver enzyme
(alanine aminotransferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyl transferase (GGT)),
and lipid biomarkers (total cholesterol, low-
density
lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-
C)) were measured at an
accredited laboratory at the University of Minnesota.
CRP concentrations were measured using a high-
sensitivity Immunoturbidimetric assay (Roche COBAS
6000 chemistry analyzer, Roche Diagnostics, Indianapolis, Indiana, USA; interassay coefficient of variation
(CV) 6.7% at 3.12 mg/L and 5.1% at 1.05 mg/L). IL-6
concentrations were measured using Quantikine ELISA
(R&D Systems, Minneapolis, Minnesota, USA; interassay CV 4.7%, 3.6%, and 4.0% at means concentrations
of 31, 94, and 197 pg/mL). ALT (interassay CV 2.4%
at 21 U/L and 2.0% at 133 U/L), AST (2.4% at 21 U/L
and 2.0% at 141 U/L) and GGT (2.4% at 25 U/L and
1.7% at 174 U/L) were measured using Roche COBAS
6000 chemistry analyzer (Roche Diagnostics). Cholesterol (interassay CV 2.1% at 178.6 mg/dL and 2.2% at
258.9 mg/dL), HDL-C (3.2% at 27.0 mg/dL and 1.9%
at 51.7 mg/dL) and LDL-C were assessed using Roche
COBAS 6000 chemistry analyzer (Roche Diagnostics).
Statistical analyses
Distributions of continuous variables were assessed for
normality, and natural log transformations of skewed
biomarkers were used in subsequent analyses. Descriptive statistics for continuous variables were summarized
as mean±SD, and categorical variables were summarized
using proportions according to duration of lactation
categories (0, 1–12, 12–24, and >24 months).
General linear models were used to assess associations
of lactation duration with cardiometabolic biomarkers.
Model 1 was adjusted for age at follow-up to reflect the
timing of blood collection (continuous). Model 2 was
additionally adjusted for ethnicity (white/non-
white),
family history of diabetes (yes/no), lifetime parity
(continuous), age at first birth (<25, 25–29, 30–34, and
≥35 years), and menopausal status at follow-up blood draw
(yes/no). Model 3 was adjusted for model 2 in addition
to ever smoking assessed in 1991 (yes/no), diet quality
assessed in 1991 (high/low), physical activity assessed in
1991 (high/low), and prepregnancy BMI (≤25, 25–30,
and >30 kg/m2). For age at first birth (<1% missing),
missing indicator was generated to treat missing as a separate category. Multiple logistic regression was conducted
to evaluate the association of lactation duration with
chronic inflammation at high risk for CVD using CRP
BMJ Open Diab Res Care 2020;8:e001229. doi:10.1136/bmjdrc-2020-001229

3 mg/L cut-off by American Heart Association,33 with the
same covariate adjustment.
Potential interactions were tested by adding an interaction term of lactation duration (continuous) with age
(continuous), parity (continuous), primipara (yes/no),
prepregnancy BMI (continuous), age at index GDM
diagnosis (continuous), and duration since index GDM
at blood draw (continuous) with adjustment for covariates included in model 2. Sensitivity analysis among
participants free of type 2 diabetes at follow-up defined as
hemoglobin A1C <6.5% was considered. For all statistical
analyses, two-sided p<0.05 was considered to be statistically significant, except for interaction terms for which
p<0.01 was used to reduce the likelihood of false positive
interactions. All data analyses were performed using SAS
software, V.9.4 for UNIX.
RESULTS
For the current analysis, DWH Study participants in NHS
II with lactation information and biomarkers of interests
were included, as described in detail under methods.
Baseline characteristics of those who provided blood
samples were similar to the entire study population of
women with a history of GDM. At follow-up blood collection, participants were at median age 58.2 (95% CI 51
to 65) years and 26.3 (95% CI 15.7 to 34.1) years since
GDM index pregnancy. Among 689 women, 609 (88.4%)
reported lactating for at least 1 month in their lifetime.
Characteristics of participants are presented according
to the duration of lactation categories (table 1). Participants with longer lifetime duration of lactation tended
to have a slightly higher number of parity and lower
prepregnancy BMI.
Lactation duration and biomarkers of inflammation, lipid, and
liver enzyme
Multiple regression models were constructed to assess
whether duration of lactation was associated with
cardiometabolic biomarkers (table 2). After multiple
adjustment for age at follow-up blood draw, ethnicity,
family history of diabetes, parity, age at first birth, menopausal status at follow-up blood draw, ever-smoking, diet
quality, physical activity, and prepregnancy BMI (model
3), longer duration of lactation was significantly associated with CRP (LS mean 1.90 mg/L (95% CI 1.47 to 2.45)
for 0-month lactation, 1.98 mg/L (95% CI 1.68 to 2.32)
for up to 12-month lactation, 1.67 mg/L (95% CI 1.42 to
1.97) for 12–24 month lactation, and 1.39 mg/L (95%
CI 1.19 to 1.62) for >24-month lactation; p trend=0.003)
and IL-6 (1.25 pg/L (95% CI 0.94 to 1.68), 1.19 pg/L
(95% CI 0.99 to 1.42), 1.04 pg/L (95% CI 0.87 to 1.25),
and 0.93 pg/L (95% CI 0.78 to 1.110); p trend=0.04),
significant associations were observed with
while non-
liver enzyme biomarkers (table 2). Although HDL, LDL,
and total cholesterol were not significantly associated
after adjustment for model 3, the mild significant association was observed with triglycerides (p trend=0.04).
3
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Table 1 Characteristics of Nurses’ Health Study II – Diabetes and Women’s Health Study participants according to lifetime
duration of lactation (n=689)*
Lifetime duration of lactation (months)
n
Age at index GDM†, years

0

1–12

12–24

>24

80
32.1±4.8

234
32.6±4.7

181
32.6±5.2

194
33.1±4.8

White

88

93

92

94

Family history of diabetes

33

28

28

28

Parity

1.9±0.9

1.7±0.8

2.2±0.8

3.0±1.3

Age at first birth, years

26.8±5.6

29.5±5.7

28.0±5.2

26.3±4.2

Prepregnancy body mass index, kg/m2

22.3±4.6

21.1±3.2

20.9±2.8

20.8±2.4

Ever-smoking status in 1991

30

27

25

29

Alternate Healthy Eating Index in 1991
Total activity in 1991, METs/week

42.0±9.9
14.6±14.7

45.3±11.2
16.9±18.2

45.4±10.1
17.5±17.7

43.9±9.8
16.5±21.1

*Values are means±SD or percentages and are standardized to the age distribution of the study population.
†Value is not age adjusted.
GDM, gestational diabetes; MET, metabolic equivalent task.

The associations of lactation duration with inflammatory biomarkers remained significant after additionally
adjusting model 3 with age at index GDM diagnosis, duration since index GDM at blood draw, or type 2 diabetes
at follow-up. Furthermore, no significant effect modification was observed for the association between lactation
duration and the biomarkers by age at blood draw, parity,
primipara, prepregnancy BMI, age at index GDM diagnosis, or duration since index GDM at blood draw.
Lactation duration and risk for chronic inflammation
Multiple logistic regression models were constructed to
assess the association between lactation duration and
chronic inflammation defined as CRP concentrations
above 3 mg/L (table 3). A total of 33.2% women (224
of 675) had chronic inflammation at follow-up blood
collection. Longer duration of lactation was associated
with lower risk for chronic inflammation in middle-
aged women (OR 0.81 (95% CI 0.69 to 0.94) per 1-year
increase) with adjustment for age at follow-
up blood
draw, ethnicity, family history of diabetes, parity, age at
first birth, menopausal status at follow-up blood draw,
ever-smoking, diet quality, physical activity, and prepregnancy BMI (table 3). When we adjusted for changes in
BMI from age 18 years to follow-up instead of adjusting
for prepregnancy BMI in model 3, longer duration of
lactation remained significantly associated with lower
risk for chronic inflammation in middle-
aged women
(OR 0.84 (95% CI 0.71 to 0.99) per 1-year increase). In a
sensitivity analysis among women free of type 2 diabetes
at follow-up (A1C <6.5%; n=562), the significant associations between lactation duration and chronic inflammation remained (OR 0.79 (95% CI 0.66 to 0.94) per
1-year increase) (online supplemental table). In a sensitivity analysis among women free of high blood pressure
up (n=324), the significant association also
at follow-
4

remained (OR 0.76 (95% CI 0.63 to 0.93) per 1-year
increase), with adjustment for model 3.
DISCUSSION
Longer lifetime duration of lactation was associated with
favorable inflammatory biomarker concentrations in
aged women, after adjustment for sociodemomiddle-
graphic, reproductive, and lifestyle factors. Furthermore,
longer duration of lactation was associated with lower risk
for chronic inflammation in middle-aged women. We also
observed the mild association between longer duration
of lactation and lower triglycerides, but this association
was not consistently present with other lipid biomarkers.
Longer duration of lactation has been associated with
lower risk for CVD risk and mortality later in life.10–14 34
Therefore, lactation behavior in women during reproductive years may influence pathways involved in
cardiometabolic health later in life. In a previous investigation, duration of lactation and shorter term follow-up
cardiometabolic biomarkers at 3 years postpartum were
investigated in women.18 Although women who breast fed
for longer tended to have lower CRP concentrations at 3
years postpartum, the association did not meet the statistical significance.18 However, CRP was measured in young
women mostly in their 30s, and the mean CRP concentrations were low across the participants ranging 0.8–1.1 mg/
dL across lactation duration categories.18 Therefore, the
investigation may have been underpowered to detect
small variations in these young women. Furthermore,
inflammatory pathways may be more relevant for women
with a history of GDM because GDM is often considered
as manifestation of inflammation induced by physiological stress during pregnancy.19 In the current analysis
among women with a history of GDM, we report that
longer duration of lactation is associated with lower risk
BMJ Open Diab Res Care 2020;8:e001229. doi:10.1136/bmjdrc-2020-001229
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Table 2 Least squares mean (95% CI) concentrations of inflammation, lipid, and liver enzyme biomarkers among middle-
aged women with history of gestational diabetes, according to lifetime duration of lactation*
Lifetime duration of lactation (months)
0

1–12

12–24

>24

P linear
trend

CRP, mg/L
 Model 1

2.01 (1.57 to 2.59)

1.91 (1.63 to 2.23)

1.62 (1.38 to 1.91)

1.44 (1.25 to 1.67)

0.003

 Model 2

2.06 (1.59 to 2.66)

1.99 (1.70 to 2.34)

1.64 (1.40 to 1.94)

1.36 (1.16 to 1.59)

0.0006

 Model 3

1.90 (1.47 to 2.45)

1.98 (1.68 to 2.32)

1.67 (1.42 to 1.97)

1.39 (1.19 to 1.62)

0.003

 Model 1

1.30 (0.98 to 1.73)

1.14 (0.96 to 1.36)

1.03 (0.86 to 1.24)

0.96 (0.81 to 1.13)

0.046

 Model 2

1.33 (1.00 to 1.77)

1.20 (1.00 to 1.77)

1.03 (0.86 to 1.24)

0.91 (0.76 to 1.09)

0.01

 Model 3

1.25 (0.94 to 1.68)

1.19 (0.99 to 1.42)

1.04 (0.87 to 1.25)

0.93 (0.78 to 1.11)

0.04

 Model 1

189 (182 to 197)

197 (192 to 202)

201 (196 to 206)

201 (196 to 206)

0.04

 Model 2

189 (182 to 197)

197 (192 to 202)

201 (196 to 206)

200 (195 to 205)

0.07

 Model 3

190 (182 to 198)

198 (193 to 203)

201 (196 to 206)

200 (195 to 205)

0.18

 Model 1

132 (119 to 146)

116 (109 to 123)

115 (107 to 122)

109 (103 to 116)

0.007

 Model 2

130 (118 to 144)

115 (108 to 123)

115 (108 to 123)

110 (103 to 117)

0.03

 Model 3

128 (115 to 142)

115 (108 to 123)

115 (108 to 123)

110 (103 to 117)

0.04

 Model 1

56.7 (53.2 to 60.4)

59.8 (57.5 to 62.2)

60.9 (58.5 to 63.5)

60.8 (58.6 to 63.1)

0.15

 Model 2

57.1 (53.5 to 60.9)

60.1 (57.7 to 62.5)

60.8 (58.4 to 63.4)

60.5 (58.2 to 63.0)

0.31

 Model 3

58.3 (54.7 to 62.2)

60.1 (57.8 to 62.6)

60.7 (58.2 to 63.2)

60.2 (57.9 to 62.6)

0.66

 Model 1

101 (95 to 108)

108 (104 to 112)

110 (106 to 115)

110 (106 to 114)

0.11

 Model 2

101 (95 to 108)

108 (104 to 113)

111 (106 to 115)

110 (106 to 115)

0.12

 Model 3

102 (95 to 109)

109 (104 to 113)

111 (106 to 115)

109 (105 to 114)

0.27

 Model 1

21.1 (19.1 to 23.2)

20.1 (19.0 to 21.4)

19.8 (18.6 to 21.1)

19.2 (18.1 to 20.3)

0.10

 Model 2

20.5 (18.6 to 22.6)

19.9 (18.7 to 21.2)

19.8 (18.6 to 21.1)

19.6 (18.4 to 20.8)

0.49

 Model 3

20.4 (18.5 to 22.6)

19.9 (18.7 to 21.2)

19.8 (18.6 to 21.1)

19.6 (18.4 to 20.8)

0.53

 Model 1

26.8 (24.9 to 28.9)

25.6 (24.5 to 26.8)

25.3 (24.1to 26.6)

25.5 (24.4 to 26.6)

0.47

 Model 2

26.5 (24.6 to 28.6)

25.5 (24.3 to 26.7)

25.3 (24.1 to 26.6)

25.7 (24.6 to 26.9)

0.84

 Model 3

26.6 (24.6 to 28.7)

25.5 (24.3 to 26.7)

25.3 (24.1 to 26.6)

25.7 (24.6 to 26.9)

0.83

 Model 1

19.0 (16.4 to 21.9)

19.8 (18.1 to 21.7)

18.5 (16.8 to 20.3)

17.0 (15.6 to 18.5)

0.02

 Model 2
 Model 3

18.3 (15.8 to 21.2)
18.2 (15.7 to 21.1)

19.6 (17.9 to 21.5)
19.6 (17.8 to 21.5)

18.4 (16.8 to 20.2)
18.4 (16.7 to 20.1)

17.4 (15.9 to 19.0)
17.5 (16.0 to 19.2)

0.17
0.22

IL-6, pg/mL

Cholesterol, mg/dL

Triglycerides, mg/dL

HDL-C, mg/dL

LDL-C, mg/dL

ALT, U/L

AST, U/L

GGT, U/L

*Model 1 is adjusted for age at follow-up blood draw. Model 2 is additionally adjusted for ethnicity (white/non-white), family history of
diabetes (yes/no), parity, age at first birth (<25, 25–29, 30–34, and ≥35 years), and menopausal status at follow-up blood draw (yes/no).
Model 3 is adjusted for model 2 in addition to ever smoking (yes/no), diet quality (high/low), physical activity (high/low), and prepregnancy
BMI (≤25, 25–30, and >30 kg/m2).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C reactive protein; GGT, gamma-glutamyl
transferase; HDL-C, high-density lipoprotein cholesterol; IL-6, interleukin-6; LDL-C, low-density lipoprotein cholesterol.
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Table 3 ORs (95% CI) for chronic inflammation among women with a history of gestational diabetes, according to lifetime
duration of lactation*
P linear
trend

Per 6-month
increase

Per 1-year
increase

0.83 (0.48 to 1.46) 0.59 (0.34 to 1.02)

0.002

0.93 (0.87 to 0.99)

0.87 (0.77 to 0.98)

0.82 (0.46 to 1.45) 0.49 (0.27 to 0.89)

0.0003

0.89 (0.82 to 0.96)

0.79 (0.68 to 0.92)

0.94 (0.52 to 1.71) 0.55 (0.30 to 1.03)

0.001

0.90 (0.83 to 0.97)

0.81 (0.69 to 0.94)

0 month

1–12 months

12–24 months

Model 1

1

1.13 (0.66 to 1.96)

Model 2

1

1.19 (0.68 to 2.09)

Model 3

1

1.33 (0.75 to 2.37)

>24 months

*Chronic inflammation is assessed using CRP 3 mg/L cut-off (n=224 of 675 above 3 mg/L). Model 1 is adjusted for age at follow-up blood draw.
Model 2 is additionally adjusted for ethnicity (white/non-white), family history of diabetes (yes/no), parity, age at first birth (<25, 25–29, 30–34, and
≥35 years) and menopausal status at follow-up blood draw (yes/no). Model 3 is adjusted for model 2 in addition to ever smoking (yes/no), diet
quality (high/low), physical activity (high/low), and prepregnancy BMI (≤25, 25–30, and >30 kg/m2).
BMI, body mass index; CRP, C reactive protein.

for chronic inflammation assessed by lower CRP and IL-6
concentrations in middle-aged women. In addition, we
report no significant association between lactation duration and lipid profile in middle-aged women, which is
consistent with previous finding in younger women.18
Because longer lactation duration has been recently
alcoholic fatty liver
associated with lower risk for non-
disease in women with mean age 49 years20 and because
liver enzyme biomarkers are predictors for CVD risk,21 we
investigated the association between lactation duration
and liver enzyme biomarkers in middle-aged women with
a history of GDM. However, no significant association
between lactation duration and liver enzyme biomarkers
was evident among these high-risk women in the current
investigation. Considering women with a history of GDM
generally have higher liver enzyme biomarker concentrations,35 lactation behavior during reproductive years may
not influence liver enzyme biomarker concentrations
substantially in these older women.
In a previous breastfeeding promotion intervention
study, longer breastfeeding duration did not result in
an important lowering of adiposity or blood pressure in
women.36 However, this previous intervention may not
have investigated the most relevant pathways targeting at
risk populations for cardiometabolic disease prevention.
Expression of genes involved in inflammatory response
is altered in GDM pregnancy,37 38 and women with GDM
experience higher inflammatory biomarker concentrations during pregnancy.39 Therefore, women with
a history of GDM accompanied by altered circulating
inflammatory factors later in life may be at higher risk for
progression to cardiometabolic disease.40 Further experimental studies and randomized control trials designed to
target inflammatory pathways, especially among women
with a history of GDM, are warranted.
Long-term follow-up of women with a history of GDM
allowed the current investigation on lactation during
reproductive years in relation to an array of cardiometabolic biomarkers in middle age to assess potential
cardiometabolic pathways. However, the study has several
limitations. First, our study participants were nurses
of primarily European ancestry. The observed associations may not be generalizable to other populations
with more diverse socioeconomic status and cultural
6

practices. Second, our blood samples were shipped overnight after collection, then processed, and stored for 1–3
years at −80°C before performing biochemical analysis;
therefore, the process might have introduced molecular
degradation. However, stability of these biomarkers after
delay in processing and long-term storage has been documented previously.41 42 Third, the observed benefits of
lactation may have been confounded by other healthful
behaviors, although we attempted to account for these
confounders through statistical adjustment of regression models. Therefore, we recommend more carefully
designed and controlled future studies to determine the
causality. Fourth, because NHS II recruited women aged
25–42 years at the study baseline, the current analysis
was not able to capture prospectively the entire group of
nulliparous women through each birth. However, in our
multiple regression with adjustment for parity, longer
lactation during reproductive years remained significantly associated with lower risk for chronic inflammation. Fifth, our lifetime lactation duration variable was
derived from three questionnaires administered over 10
years, which was designed to capture cumulative lifetime
lactation information. Further clinical investigation is
recommended to identify the specific threshold of lactation duration beneficial for women’s health.
In summary, longer lifetime duration of lactation
was associated with favorable inflammatory biomarker
concentrations in middle-aged women. Chronic inflammatory pathways may be involved in previously reported
associations between duration of lactation and cardiometabolic disease risk later in life. The current investigation
further contributes to the growing evidence that breast
feeding, which has the main purpose of supporting
child growth and development, also has an important
role in women’s health. Therefore, continued investigation on the long-term consequences of breast feeding
and other behavioral risk factors during reproductive
years is warranted from the perspectives of the receiving
offspring and from the offering women, especially those
who are at high risk for cardiometabolic diseases.
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Supplement Table Odds ratios (95% CI) for chronic inflammation among women with a history of gestational diabetes who are free
of type 2 diabetes at follow-up, according to lifetime duration of lactation1
0 month
1-12 months
12-24 months
>24 months
p-linear trend
per 1-y increase
Model 1
1
1.13 (0.70-2.60) 0.78 (0.40-1.54) 0.59 (0.30-1.16)
0.002
0.88 (0.77-1.02)
Model 2
1
1.48 (0.76-2.91) 0.79 (0.40-1.59) 0.46 (0.22-0.94)
<0.0001
0.78 (0.65-0.92)
Model 3
1
1.62 (0.81-3.24) 0.88 (0.43-1.81) 0.51 (0.24-1.08)
0.0003
0.79 (0.66-0.94)
1
Chronic inflammation is assessed using CRP 3mg/L cutoff (n=163 of 562 above 3mg/L). Model 1 is adjusted for age at follow-up
blood draw. Model 2 is additionally adjusted for ethnicity (white / non-white), family history of diabetes (yes / no), parity, age at first
birth (<25, 25-29, 30-34, ≥35 years), and menopausal status at follow-up blood draw (yes / no). Model 3 is adjusted for model 2 in
addition to ever smoking (yes / no), diet quality (high / low), physical activity (high / low), and prepregnancy BMI (≤25, 25-30, >30
kg/m2)
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