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1 | INTRODUCTION

At present about 415 million adults suffer from diabetes, of which
about 90% are type 2 diabetes mellitus.> Diabetes is associated with
life-threatening morbidity, making the disease not only personal but

also socioeconomic problem. In 2015, about 5 million people died

because of diabetes.

Summary

Lactation may protect women with previous gestational diabetes mellitus (GDM) from
developing type 2 diabetes mellitus, but the results of existing studies are inconsistent,
ranging from null to beneficial. We aimed to conduct a systematic review to gather avail-
able evidence. Databases MEDLINE, CINAHL, PubMed, and EMBASE were searched on
December 15, 2015, without restriction of language or publication year. A manual search
was also conducted. We included observational studies (cross-sectional, case-control, and
cohort study) with information on lactation and type 2 diabetes mellitus incidence among
women with previous GDM. We excluded case studies without control data. Data syn-
thesis was conducted by random-effect meta-analysis. Fourteen reports of 9 studies were
included. Overall risk of bias using ROBANS ranged from low to unclear. Longer lactation for
more than 4 to 12 weeks postpartum had risk reduction of type 2 diabetes mellitus compared
with shorter lactation (OR 0.77,95% C1 0.01-55.86; OR 0.56, 95% CI1 0.35-0.89; OR 0.22,95%
Cl 0.13-0.36; type 2 diabetes mellitus evaluation time < 2y, 2-5 y, and >5 vy, respectively).
Exclusive lactation for more than 6 to 9 weeks postpartum also had lower risk of type 2 dia-
betes mellitus compared with exclusive formula (OR 0.42, 95% CI 0.22-0.81). The findings
support the evidence that longer and exclusive lactation may be beneficial for type 2 diabetes
mellitus prevention in women with previous GDM. However, the evidence relies only on
observational studies. Therefore, further studies are required to address the true causal
effect.
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Gestational diabetes mellitus (GDM) is defined as “diabetes
diagnosed in the second or third trimester of pregnancy that is
not clearly overt diabetes.”> The GDM occurs in nearly 14% of
live births.! Although hyperglycemia usually normalizes immedi-
ately after delivery, the risk of lifetime type 2 diabetes mellitus
in women who had GDM is more than 7-fold higher compared

with in women with normoglycaemic pregnancies.® Furthermore,
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up to 50% of women who had GDM developed type 2 diabetes
mellitus within 5 years postpartum.* Therefore, women with
GDM are recognized to be at high risk of developing diabetes
at younger ages and are therefore the target of preventive
measures.

Intensive lifestyle modification is effective in preventing or
delaying type 2 diabetes mellitus in women with previous GDM.?
However, postpartum women may face difficulties in adopting a
healthy lifestyle mainly because of a lack of time.®”

Meanwhile, lactation is increasingly being recognized for its
potential benefits on maternal glycemic metabolism. Childbearing
itself is suggested to put women at risk for type 2 diabetes mellitus

when compared with nulliparous women,®?

and breastfeeding may
“reset” the burden®® and lower the risk of diabetes in dose-response
manner.'112 Although etiological evidence is yet to be established,
several hypotheses for this beneficial effect have been proposed
such as extra energy expenditure for milk production,*® visceral fat
mobilization,*® and pancreatic beta-cell rescue by prolactin** and/
or oxytocin.*®
It is of great interest whether women with previous GDM, the
high risk population for type 2 diabetes mellitus, benefit as well from
breastfeeding practice. To date, several observational studies investi-
gating the association between lactation and type 2 diabetes mellitus
incidence after GDM pregnancy have been conducted with mixed
results. Although there are several reviews written on this topic, %’
none was conducted systematically. Only few GDM guidelines
recommend breastfeeding for maternal health with minimal
evidence.?®2° To cover all the available evidence and to synthesize
the data if available, we aimed to systematically review current
findings on lactation for type 2 diabetes mellitus prevention in

women with previous GDM.

2 | METHODS

This systematic review was performed according to the MOQOSE
(Meta-analysis Of Observational Studies in Epidemiology) guidelines®!
and the Cochrane Handbook for Systematic Reviews for Interven-
tion.?? The protocol was registered in advance on PROSPERO
(CRD42016032699) and is accessible at http://www.crd.york.ac.uk/
prospero/display_record.asp?ID=CRD42016032699.

2.1 | Eligibility criteria and study selection

A study was considered eligible if (1) the participants were women
with previous GDM, (2) it assessed the lactation intensity and/or dura-
tion of any lactation, and (3) it included the incidence of postpartum
type 2 diabetes mellitus in the outcome. Observational studies
(cross-sectional, case-control, and cohort study) were included. Studies
with unclear number/rate of type 2 diabetes mellitus onset were
excluded (eg, “high” incidence of diabetes, incidence rate of
“dysglyceamia”).

After eliminating duplicate literatures in EndNote X7.1, 2 reviewers
(K.T.N. and M.K\) independently selected potentially eligible reports
with titles and abstracts. Full texts of reports that the 2 reviewers agreed

on for inclusion were obtained for final selection and were reviewed
separately. Any disagreement during the selection process was resolved
through discussion with or consulting a third reviewer (E.O.).

2.2 | Search strategy

Literature search was conducted by an information specialist on
December 15, 2015, using databases MEDLINE, CINAHL, PubMed,
and EMBASE. The search keywords included terms for “lactation”
and “GDM.” The full search strategy for each database is provided in
Table S1. No language or time restriction was applied. We also inves-
tigated the references lists of the retrieved papers for the search of

additional relevant studies.

2.3 | Data extraction and data synthesis

Information collected was as follows:

1. Study design, study period, and country where the study was
conducted

2. Population number and characteristics (ie, age at delivery, non-

pregnant body mass index [BMI], race/ethnicity)
3. Exclusion criteria

4. Lactation measures (ie, intention, initiation, intensity, and

duration)
5. Diagnostic methods of GDM and type 2 diabetes mellitus

6. Type 2 diabetes mellitus evaluation time-point, incidence rate,
and hazard/risk ratio

7. Adjusted confounders for the analysis of breastfeeding and type 2

diabetes mellitus incidence

8. Conclusion on breastfeeding and type 2 diabetes mellitus

incidence

One reviewer (K.T.N.) extracted data, and another reviewer (M.K.)
checked for its integrity. We planned to contact authors or check orig-
inal protocols for additional information if needed.

We conducted meta-analysis for studies with comparable results
using Review Manager software version 5.3 (RevMan5.3). The number
of women with GDM and type 2 diabetes mellitus incidence in relation
to breastfeeding measures were obtained from the reports or esti-
mated through calculation by RevMan5.3. We used ruler to estimate
the number/percentage in reports providing only graph without exact
number.2> We combined odds ratio for dichotomous data using ran-
dom-effect models. All data were presented with 95% confidence inter-
vals. We regarded heterogeneity as substantial when the I-squared is
greater than 60% and conducted subgroup analyses in such a case.

2.4 | Risk of bias assessment and quality of evidence
evaluation

Two researchers (K.T.N. and M.K.) independently assessed the meth-
odological quality of each selected study. Again, any disagreement
was resolved through discussion or consulting a third reviewer (E.O.).

We used the Risk of Bias Assessment Tool for Nonrandomized Studies
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(ROBANS)?* for making judgments. We evaluated the quality of evi-
dence with Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach using GRADEpro GDT.2*

3 | RESULTS

3.1 | Study selection

A total of 1410 reports were identified through electronic search
(Figure 1). Eight reports were added through hand search. Selection
first with title and abstracts followed by full-text screening yielded 14
reports for this review. The lists of excluded reports with reason for

exclusion are shown in Table S2.

3.2 | Characteristics of included studies

Fourteen reports included in this review were from 9 studies (4 reports
for one study, and 2 reports each for 2 studies) involving more than
3600 women with GDM (Table 1).

3.3 | Study design, country
Three studies were prospective cohort study,23%3! 2 were retrospec-

23,38

tive cohort study, and 4 were cross-sectional study.3?3473¢ There

was no randomized control trial. Most studies were conducted in the

United States, except for one in Germany>! and one in South Korea.®*

3.4 | Population

In each study 122 women®? to 1035 women?® with GDM were
enrolled. Two studies did not provide the population number.3¢-38

The GDM diagnostic criteria were available in 8 studies. Two stud-
ies used the Carpenter-Coustan criteria, 234 2 studies used the
National Diabetes Data Group criteria,?>° 1 study used the recom-
mendation of the Third International Workshop-Conference on
GDM?®2, 1 study used local criteria,®' and 2 were based on self-
report.30'38

The mean/median age at delivery, mostly in the early 1930s, was

28.26.81.82.3435 mostly in early 1930s. The mean

23,26,32,34,35

provided in 6 studies,
nonpregnant BMI was available in 5 studies, with all in
overweight or obese range except in one study** conducted in South
Korea (<25 kg/m?). The race/ethnicity of the population was provided

26,30
l

in 5 studies, 2 were multiracia and 3 consisted mainly of Hispanic

populations.?332:35
Exclusion of preexisting diabetes was clearly stated in 2 stud-

ies,26'30

and presumably an additional 5 studies did do so because
the diagnosis of GDM was based on glucose tolerance test and
not on self-report. 2331323435 Early postpartum DM was excluded
in 2 studies.2>2® Women with positive islet autoantibodies were
excluded in 2 studies (one study with ICA-positive®? and one study
with GADA-positive®4). One study conducted subgroup analysis with
positive islet autoantibody versus negative islet autoantibody
results,>* and we used the data of the autoantibody-negative

population only.

o
s
'ﬁ Reports identified through Additional reports identified
g databases searching through manual search
E (n=1410) (n=8)
=
| —
—
A 4 A 4
o0 .
£ Reports screened after duplicates removed Reports excluded by titles
S _ —> and abstracts
(n=1110)
g (n =1082)
O
)
_J
o
Full-text reports assessed Full-text reports excluded
Z for eligibility > with reasons
3 (n=28) (n=14)
)
“ Review (n=5)
Commentary (n=2)
Reports included in T2DM outcome not
qualitative synthesis reported (n=6)
(n =14 of nine researches) Population is not
GDM women (n=1)
°
Q
°
Tz, Researches included in
£ meta-analysis
(n=5)
~—

FIGURE 1 PRISMA flow diagram of search and selection
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3.5 | Lactation measures

Four studies measured lactation by the duration of breastfeeding

period, 26303138 2 of 4 measured the sum of lifetime lactation®®®

and 2 studies measured index pregnancy.?43!
Four studies assessed lactation status within the following: 6
months by Buchanan et al,%? 6 to 12 weeks by Kim et al®* 4 to 12

,3% and 4 to 16 weeks by Kjos et al*®

weeks by Kjos et a after delivery.

Lactation intensity was assessed in 2 studies with different meth-
odology. One study evaluated the intensity at 6 to 9 weeks postpartum
by measuring the amount of added formula milk to test the dose-
response effect for type 2 diabetes mellitus prevention and divided
the participants into 4 groups: exclusive lactation, mostly lactation,
mostly formula and mixed or inconsistent lactation, and exclusive for-

mula.2é Another study assessed the full lactation period.3!

3.6 | T2DM evaluation, incidence

The diagnostic criteria for the evaluation of type 2 diabetes mellitus
incidence were described in 6 studies; 3 studies applied the American
Diabetes Association criteria, 24134 2 studies used the National Dia-

2335 and one was based on self-report.3®

betes Data Group criteria,
Type 2 diabetes mellitus evaluation time ranged from 4 to
12 weeks to up to 19 years postpartum, and type 2 diabetes mellitus
incidence rate increases in accordance with the evaluation time.
Covariables used to adjust for analyzing lactation measure and
type 2 diabetes mellitus incidence varied by each study. The most fre-
quently adjusted index was BMI, which was used in 5 stud-
jes 2630313638 Age gt delivery and parity status were used in 4
studies.?630313¢ Race/ethnicity,2¢%%¢ education,2¢%%%¢ weight/BMI

232638 and GDM treatment during pregnancy were used in 3

change,
studies.2®>2431 Family history of DM,3%%8 smoking,38 physical activ-
ity, 2638 diet,243® OGTT results,?>? and subsequent birth were
adjusted in 2 studies.?®>?® Oral contraceptive use,?® multivitamin
use,®® gestational age at diagnosis of GDM,?® income,3¢ birth weight
of mother,%® enrollment year,! and age at DM3¢ were used in one

study.

Shorter Lacation
Events Total Weight M-H,

Longer Lactation
Study or Subgroup Events Total

Odds Ratio

As for the conclusions on type 2 diabetes mellitus incidence, 6

studies?430-323536 renorted results in favor of lactation, and 3 stud-
ies233438 reported null results.
3.7 | Risk of bias

The results of risk of bias assessment using ROBANS are summarized in
Figure S1 and Table S3.
Selection biases that are caused by selection of participants were

23,26,30-32.34.35 3nd “unclear” for 2 stud-

judged to be “low” for 7 studies
ies3438 because the baseline diabetes statuses were not given. Selec-
tion biases that are caused by confounding variables were judged to

be “high” in most studies,?>30-32:34-36

except 2 studies judged to be
“low” because of adequate adjustment for covariables.24%® Perfor-
mance biases indicating measurement of lactation were judged to be
“low” for only one study?® in which trained interviewers measured lac-
tation, “high” for 3 studies®®3138 with self-report, and “unclear” for 5
studies.?>3234-36 Al the studies were judged to be “low” for detection
biases because type 2 diabetes mellitus incidence could not be influ-
enced by the blinding methods for its assessment. Attrition biases
were judged to be “unclear” in most studies except one! that stated
there was no difference in lactation rate regarding dropout status.
Reporting biases were judged to be “unclear” in most studies except

one study with the experimental protocol available.?®
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lactation)

Synthesis of results

Lactation duration (longer lactation vs shorter

Five studies?326:31:34.35

enrolling 3408 women were included in the
meta-analysis for longer (>4 to 12 wk postpartum) versus shorter (<4
to 12 wk postpartum) lactation of any intensity for preventing type 2
diabetes mellitus after GDM pregnancy (Figure 2). The remaining stud-

3038 and/or

ies were not included because of different study design
inadequate data.3%323¢ publication bias was not assessed as the num-
ber of included studies was fewer than 10. The heterogeneity yielded

was substantial (12 = 85%) that we conducted subgroup analysis. In a

Odds Ratio

d 95% CI M-H, Rand 95% CI

3.1.1 DM evaluation < 2yr
Kim2011 27 338 0 43 5.1%

Kjos1993 17 404 109 405 23.3%
Subtotal (95% CI) 742 448 28.5%
Total events 44 109

Heterogeneity: Tau® = 8.58; Chi® = 9.03, df = 1 (P = 0.003); I> = 89%
Test for overall effect: Z = 0.12 (P = 0.91)

3.1.2 DM evaluation 2-5yr

Gunderson2015 86 806 27 153 24.0%
Subtotal (95% CI) 806 153  24.0%
Total events 86 27

Heterogeneity: Not applicable

Test for overall effect: Z = 2.43 (P = 0.02)

3.1.3 DM evaluation >5yr

Kjos1998 26 182 129 261 23.9%
Ziegler2012 44 109 109 155  23.6%
Subtotal (95% CI) 291 416 47.5%
Total events 70 238

Heterogeneity: Tau? = 0.07; Chi® = 2.07, df = 1 (P = 0.15); I = 52%
Test for overall effect: Z = 5.88 (P < 0.00001)

Total (95% CI) 1839

Total events 200 374
Heterogeneity: Tau® = 0.49; Chi® = 26.88, df = 4 (P < 0.0001); I* = 85%
Test for overall effect: Z = 3.45 (P = 0.0006)

Test for subgroup differences: Chi? = 7.13, df = 2 (P = 0.03), I’ = 71.9%

1017 100.0%

7.68[0.46, 128.19]
0.12 [0.07, 0.20]
0.77 [0.01, 55.86]

.56 [0.35, 0.89] —
.56 [0.35, 0.89] -

0.17 [0.11, 0.28] —_—

0.29[0.17, 0.48] —

0.22 [0.13, 0.36] -

0.29 [0.14, 0.58] i

—

——————

0.01 0.1 100

10
Favours Longer Lactation Favours Shorter Lactation

FIGURE 2 Forrest plot comparing “longer lactation” (>4-12 wk) with “shorter lactation” (<4-12 wk) with analysis of 3 subgroups on the basis of

diabetes evaluation time; <2y, 2-5y,and >5y
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subgroup analysis comparing by T2DM evaluation time, <2 years versus
2 to 5 years versus >5 years, we found significant subgroup differences
(P = .03). Meta-analysis (random-effect model) revealed significant risk
reduction of T2DM incidence with longer lactation in subgroups with
DM evaluation time longer than 2 years (OR 0.56, 95% Cl 0.35-0.89
for 2 to 5y; OR 0.22, 95% CI 0.13-0.36 for >5 y). The qualities of the
evidence were judged to be “very low” with DM evaluation <2 years
group and “low” with 2 to 5 years and >5 years group (Table S4).

38.2 |
formula)

Lactation intensity (exclusive lactation vs exclusive

Two studies have assessed lactation intensity?>®%; however, only one
of them compared the effect of exclusive lactation with exclusive for-
mula for type 2 diabetes mellitus incidence.2® The risk of bias of this
study was low (Table S3). The quality of the evidence was judged to
be “moderate” graded up by its large (OR 0.42, 95% Cl 0.22-0.81)
and dose-response effect even with observational study design with

small sample size (Table S5).

4 | DISCUSSION

In this systematic review, we have shown that lactation of any inten-
sity for more than 4 weeks to more than 12 weeks postpartum has sta-
tistically significant association with lower risk of type 2 diabetes
mellitus in the long term (ie, >2 y). The effect of longer lactation was
not obvious when diabetes was evaluated in early postpartum, but
became more prominent with longer follow-up (OR 0.77 95% ClI
0.01-55.86; OR 0.56 95% Cl 0.35-0.89; OR 0.22 95% Cl 0.13-0.36;
<2y, 2-5y, and >5y, respectively). One likely explanation is that type
2 diabetes mellitus incidence after GDM pregnancy increases with
time,* and at least several years of follow-up are required to judge
the effect of exposure. Also, women developing type 2 diabetes
mellitus in early postpartum (ie, 4-12 wk postpartum) are definitely
of the highest risk. The underlying etiology may be different from
those who develop type 2 diabetes mellitus later. In fact, Ziegler et al
reported that women with islet autoantibody developed diabetes
much faster (median diabetes-free duration, 4.5 mo) compared with
women negative for the autoantibody, and no protective effect of lac-
tation was observed in those women.®! All 3 studies in the subgroup
evaluating type 2 diabetes mellitus at >3 years excluded early onset
DM232¢ or islet autoantibody-positive population,®* suggesting a dif-
ference in population compared with the subgroup evaluating DM at
<2 years (4-12 wk and 6-12 wk postpartum each).

Prolactin is one of the key factors for biochemical hypotheses of
long-term effect.3? Prolactin starts to elevate during pregnancy, peaks
in term and stays above nonpregnant level with pulsatile secretion
until weaning.*® Research on prolactin receptor knockout mice has
clarified that prolactin plays a physiological role in pancreatic islet for-
mation and function.** Moderately elevated serum prolactin, which is
the model for physiological elevation during pregnancy and postpar-
tum, has also been shown to improve insulin secretion and insulin
resistance in diabetic rats.*?> However, full biological etiologies to
explain the beneficial effect lasting long after weaning are lacking.

Therefore, further studies on this topic are needed.

We have also found from a study with moderate evidence quality
that exclusive lactation at 6 to 9 weeks postpartum was associated
with lower risk of long-term type 2 diabetes mellitus compared with
exclusive formula (OR 0.42 95% Cl 0.22-0.81).2° The World Health
Organization has recommended all mothers to exclusively breastfeed
for the first 6 months followed by partial breastfeeding.*> However,
only 37% of women were exclusively breastfeeding under 6 months
in upper-middle income countries.** In addition, women with previous
GDM are known for even lower breastfeeding rate compared with
women with nondiabetic pregnancies.*>=” This may be due to
increased risk of complications in both the mother and infant during
the perinatal period,*® delayed lactogenesis,*’ or the poor sucking pat-
tern of infants.’® Therefore, exclusive breastfeeding for at least 6 to
9 weeks postpartum may be more achievable for women with GDM.

There are several limitations in this study. First, the evidence of
this review relies only on observational studies in which we cannot
confirm the causal relationship between lactation and type 2 diabetes
mellitus. The effect of unknown confoundings or reverse causation
cannot be ruled out even in well-designed and adequately analyzed
studies. This is because randomization of breastfeeding is infeasible
both ethically and technically, although 2 randomized trials were con-
ducted in the past when the benefits of breast milk were not
proven.>>°2 Second, all the data used for the meta-analysis were crude
data without adjustment. Only few of the included studies adequately
adjusted for covariables. Breastfeeding practices were reported to be
influenced by multiple factors such as obesity,”® depression,>* insulin

? and how health conscious a mother

treatment during pregnancy,*
is.>® These factors are likely to influence diabetes incidence, and they
should be adjusted for. Third, analyses with stratification by the partic-
ipants' characteristics such as ethnicity or BMI were not possible
because of inadequate information. This limitation may deter us from
drawing tailored conclusion for each woman in real practice. However,
subgroup analysis showed fairly heterogeneous results for long-term
type 2 diabetes mellitus even in populations with diverse background,

suggesting that the association remains.

5 | CONCLUSION

In conclusion, the women with previous GDM lactating for more than
4 to 12 weeks postpartum have lower risk (moderate quality of evi-
dence) of type 2 diabetes mellitus compared with women with shorter
lactation period. Also, women with GDM exclusively lactating for more
than 6 to 9 weeks postpartum have lower risk of type 2 diabetes
mellitus compared with women with formula feeding. The etiology
behind this potential long-term beneficial effect of lactation remains
poorly understood. The optimal support for women with GDM to
breastfeed is not well studied. To investigate these unresolved issues
between lactation and the prevention of type 2 diabetes mellitus, fur-

ther studies are warranted in the future.
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