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Background A growing body of evidence suggests the impact of maternal nutri-
tion plays a role in determining offspring’s risk of non-communicable diseases
(NCDs), including heart disease (CVD), type 2 diabetes (T2DM), cancer and
chronic obstructive pulmonary diseases (COPD). We conducted a systematic
review to investigate this relationship.

Methods We systematically searched CINAHL, Cochrane Database of Sys-
tematic Reviews, Cochrane Register of Controlled Trials, Database of Ab-
stracts of Reviews of Effects, MEDLINE, EMBASE, Web of Science Core Col-
lection and Global Health for papers published before May 2016 (PROSPERO:
CRD42016039244, CRD42016039247). Included studies examined the im-
pact of maternal nutrition (diet, vitamin status and weight) on adult offspring’s
NCD outcomes.

Results Of 23501 identified citations, 20 met our inclusion criteria. Het-
erogeneity of papers required narrative synthesis. Included studies involved
1939 786 participants. CVD: Four papers examined maternal exposure to fam-
ine during gestation, 3 identified a resulting increased risk of CVD in offspring.
Five identified an increased risk of offspring CVD with increasing maternal
weight. T2DM: Six studies investigated maternal exposure to famine during
gestation; three identified an increase in offspring’s T2DM risk. Three found
no increased risk; two of these were in circumstances where famine states per-
sisted beyond pregnancy. Three papers found an increased risk of T2DM in
offspring with increasing maternal BMI. CANCER: Four papers investigated
maternal famine exposure during pregnancy — two identified a reduced risk of
cancer in male offspring, and two an increased risk in female offspring. COPD:
One study found low maternal vitamin D status was associated with reduced
use of asthma medication.

Conclusions While there are indications that exposure to both famine (particu-
larly when coupled with exposure to nutritional excess after birth) and maternal
overweight during pregnancy is associated with offsprings risk of CVD, T2DM
and cancer, currently there is a lack of evidence to confirm this relationship.
Despite the lack of conclusive evidence, these finding hold important research
and policy implications for a lifecycle approach to the prevention of NCDs.

Malnutrition affects all regions of the world [1]. The double burden of malnutrition
describes the co-existence of both under and over nutrition faced by individuals,
households and whole populations [2]. The scale of this double burden is vast.
In 2015, 462 million adults were underweight, 264 million women were affect-
ed by iron-amenable anaemia and 1.9 billion adults were overweight, with over
600 million of these obese [1]. Global action to address this double burden is es-
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sential in achieving the Sustainable Development goals and has gained political momentum through the
2014 Rome declaration on Nutrition and the UN Decade of Action on Nutrition from 2016-2025 [1,3].

Unhealthy diets are a leading risk factor for malnutrition, infant mortality and non-communicable diseases
(NCDs) [3,4]. Rapid rates of globalisation and subsequent nutrition transitions has meant the burden of
NCDs and over nutrition now supersedes the health burden of communicable disease and is accountable
for 38 million deaths each year [3,5]. Cardiovascular disease (CVD), type 2 diabetes (T2DM), cancers
and chronic obstructive respiratory diseases account for over 80% of this NCD burden [3]. Consequent-
ly these four diseases are the focus of the World Health Organisation’s (WHO) Global Action Plan for the
prevention and control of NCDs (NCD GAP) [3]. The NCD GAP also focuses prevention efforts towards
addressing the four common behavioural risk factors for these NCDs — tobacco use, harmful use of alco-
hol, physical inactivity, and unhealthy diets in childhood and adulthood [3].

While maternal nutrition has long been recognised as a determinant on fetal growth, birth weight and
infant mortality [6]. A growing body of evidence suggests this influence extends well beyond childhood.
In fact, maternal nutrition may play a key role in their offspring’s risk of NCDs later in life. This is a pro-
foundly important relationship, particularly in low and lower-middle income countries (LLMICs) who
face the double burden of malnutrition, and 80% of the global NCD burden [7]. Due to their impact on
‘foetal programming’ both maternal under- and over-nutrition have been identified as a potentially criti-
cal component of the global NCD burden [6,8,9].

Currently WHO maternal nutrition targets and interventions focus on vitamin supplementation, breast-
feeding and complementary feeding within the first 1000 days — from conception to two years of age [10].
Recently, the UN Secretary-General’s Global Strategy for Women’s and Children’s Health has also recom-
mended integrating NCDs into maternal health programmes [11]. The NCD GAP supports this recom-
mendation, calling for a life course approach to address NCDs [3].

To ensure targeted action and effectiveness within this life course approach a strengthened evidence base
is required. This systematic review aims to add to that evidence base by examining the association be-
tween maternal nutrition (prior to conception, during gestation and during lactation) and offsprings NCD
outcomes. It is the first part of a two-part series. The accompanying review will examine the association
between maternal nutrition prior to conception, during gestation and during lactation on the child’s risk
of NCDs later in life.

METHODS

Our review followed the Preferred Reporting Items for Systematic review and Meta-Analysis Protocols
(PRISMA-P). The supporting PRISMA-P checklist is available in Appendix S1 in Online Supplementary
Document. The current review presents a subset of the combined results from two PROSPERO registered
protocols (CRD42016039244, CRD42016039247). The first outlines the methods for assessing maternal
nutrition prior to and during pregnancy, while the second outlines the methods for assessing maternal nu-
trition during lactation. Deviation from proposed review outcomes was due to the size of magnitude of re-
sults which required division by outcome and age group. Ethics approval was not required for this review.

Database and search strategies

We conducted a comprehensive literature search for citations published before 24th May 2016. The search
strategy was developed by a medical librarian in consultation with the review team. Search terms com-
bined descriptors of pre-pregnancy, pregnancy, lactation and potential maternal nutrition factors with
NCD morbidity and mortality descriptors in offspring, search terms are available in Appendix S2 in On-
line Supplementary Document. We conducted the search in English on the following nine databases:
CINAHL, Cochrane Database of Systematic Reviews, Cochrane Register of Controlled Trials, Database of
Abstracts of Reviews of Effects, MEDLINE, EMBASE, Web of Science Core Collection and Global Health.
Additionally, we reviewed the reference lists of key reviews identified during screening.

Inclusion criteria

Included research assessed the impact of maternal nutrition factors measured during, or prior to pregnan-
cy and lactation on the offspring’s risk of CVD, T2DM, cancer and chronic obstructive pulmonary disease
(COPD) at 18 years or older. Eligibility criteria are further outlined in Table 1.
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Table 1. Eligibility criteria

IVIATERNAL NUTRITION MEASUREMENT Orrspring NCD outcome

General population of mothers who: The measurement of one of the following in offspring 18 years or older:

Had a nutrition indicator (including weight, weight gain, di- Cardiovascular Disease: Diagnosed coronary heart disease (heart attack), cerebro-
etary intake, nutrition status) measured prior to/during preg- vascular disease (stroke), peripheral vascular disease, heart failure, congenital heart
nancy and lactation. disease, cardiomyopathy.

Did not have any pre-existing chronic conditions (eg, HIV, dia- Diabetes Mellitus: Diagnosed type 2 diabetes.
betes, cardiovascular disease)

Did not suffer preeclampsia, gestational diabetes or other adverse Cancer: Diagnosis with any form of cancer
conditions during pregnancy.

Chronic respiratory diseases: Asthma, COPD, Pulmonary hypertension.

Mortality outcome measures which are directly related to the above NCD’s such as
heart attacks and stroke.

PAPERS

NCD — non-communicable disease, COPD — chronic obstructive pulmonary disease

No restrictions on publication language, location or study design were included. Studies were excluded if
they did not measure a maternal nutrition factor, if they did not report on one of the predetermined out-
come measures in offspring or if they were conducted on animals. Grey literature was excluded.

Study selection and data extraction

Citations from the literature search were collated in Endnote and duplicates removed. Final results were
exported into Excel for eligibility screening. Using the eligibility criteria in Table 1 — JP, KB, KN and AF
independently screened titles and abstracts. The Cohen’s kappa statistic was calculated at 10% intervals
(approximately every 2000 papers) to ensure consistency in screening. Once the Cohen’s kappa statistic
exceeded 0.75 indicating “excellent agreement”, KP, KN and AF screened all remaining records. Uncer-
tainties were brought to JP, KW and NT and disagreements resolved by group consensus. JP then reviewed
all citations selected for full text review, discussing any uncertainties with KW and NT.

Following full text review, the selected studies reference lists were examined for any relevant studies.
Data extraction was then conducted independently by JP on all included. Data collection involved the
extraction of maternal nutrition measures, country the study was conducted in, participant characteris-
tics, offspring NCD related outcomes (risk of NCDs), offspring age, limitations, study design, details on
adjustment for confounders and quality assessment measures.

Quality assessment

The Newcastle-Ottawa scale (NOS) was

= Records identified through Additional records identified R .
2 database searching through other sources used bY JP and KW for assessing the risk
s _ _ . . . . .
£ (n=23,291) (n=210) of bias in cohort studies, with validated,
s
3 modified versions used for cross-sectional
: and case-controlled studies (Appendix S3 in
Records after duplicates removed i
(n=21659) Online Supplementary Document) [12].
- 21514 records excluded
o .
£ No maternal nutrition factor 8486 )mtheSlS of results
§ l Pre-existing maternal condition 794 S
= No offspring risk factor measure 10554 . .
3 Records screened W) ot primary research 958 Due to the heterogeneity of the design and
n =21659 i . . .
( ) Animal study 71 outcome measures in the included studies,

l a meta-analysis was not possible. Narrative
synthesis of data was conducted by JP

> .

= N 125 full-text articles excluded

5 Full-text articles assessed for

) eligibility in NCD outcome review No maternal nutrition factors 88

W (n = 145) - Animal study 3
Pre-existing maternal condition 2

Proxy NCD measure only 32 RESU LTS

Our initial search returned 23501 records.

Studies included in systematic After excluding 23 356 records based on ti-
review tle and abstract screening, 145 papers were
(n=20) included for full-text review. Twenty stud-
ies involving 1921 836 participants were in-
Figure 1. PRISMA flow diagram. cluded (Figure 1).
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Twelve studies were retrospective cohorts, four case-control and three cross-sectional and. Nine studies
(41%) were published before 2010. Figure 2 shows the country of origin of included studies according
to WHO region. The majority (15 studies, 75%) came from the European region, with 20% from the
Netherlands. No studies from the WHO?’ Eastern Mediterranean region met inclusion criteria. Of the 13
countries represented, none were low income countries, three were lower-middle income countries, two
were upper-middle income and the remaining eight (62%) were high income countries.

Included studies involved nine different cohorts, four studies (20%) involved offspring of the Dutch Fam-
ine Birth Cohort (DFBC), three examined the Helsinki Birth Cohort (HBC), and two examined the Ab-
erdeen Birth Cohort (ABC). Nine studies reported on the impact of maternal nutrition on CVD, nine on
T2DM, six on cancer and one on COPD. The age of offspring at the time of follow up ranged from 10-69
years (with one study including participants younger than the inclusion cut off due to an inability to sep-
arate results from older subjects). Of the included studies, 10 (50%) examined the impact of maternal ex-
posure to famine, seven (36%) the impact of maternal body weight, two gestational weight gain and one
maternal vitamin D status, anaemia and coffee intakes impact on offspring health outcomes. No studies

evaluated the impact of maternal mac-

ronutrient intake. All studies mea-

sured these influences during gestation,

¢ with one also measuring the impact of
pre-pregnancy weight. No included
§ studies measured the impact of mater-

nal nutrition during lactation.

2 When compared to current WHO rec-
ommendations for nutrition interven-
tions during antenatal care [13], find-
ings from included studies are consistent
with existing recommendations, namely
counselling on healthy diets and healthy
weight/ weight gain and the prevention
of undernutrition through counselling
Oty andwHORegion WPRO | SEARO | PAHO | AFRO and the provision of protein and energy
supplementation (Figure 3).

Number of Included Studies

>
3

Sweden
Finland
Russia
Austria
Ukraine
Norway
Denmark
China
India
USA
Nigeria

Netherlands

Figure 2. Countries represented by included studies according to WHO region.
Cardiovascular disease

Table 2 shows nine cohort studies ex-
amined CVD outcomes in 118185 off-
spring. All were conducted in the Eu-
ropean region and the majority (56%)

Caffeine intake [ assessed offspring who were aged 50
i years or older. Five examined the impact
vitamin D starus [ of maternal pre-pregnancy or pregnancy

weight, four the impact of exposure to
famine during pregnancy and one ex-

Zinc supplementation in specific populations amined the impaCt Of gestational Welght
gain. There did not appear to be an in-
Vitamin A supplementation in deficient populations Cl‘eased llkehhood Of 1del’1t1fy1ng a Sig—

nificant increase in CVD outcomes due
to maternal nutrition exposure based on

Daily calcium supplementation in women at risk of pre-eclampsia

WHO recommended nutrition interventions for positive
pregnancy outcomes

Daily iron and folic acid supplementation - the age Of Offspl‘ll’lg When measured.
Education and supplementation t ncressecnery and protein |y A large analysis of the ABC (n=7134)
undernourished populations .
found that at 50 years of age offspring
Counsalling on healthy eating, physical activity and healthy weight c=in | of overweight and obese mothers during
o : o+ s 5w o ou pregnancy had an increased risk of CVD

Mumber of studies examining the impact on offsprings NCD risk

events requiring hospital admission
(15% and 29% respectively) [14]. The
largest increase was seen for cerebrovas-

Figure 3. Number of included studies reporting outcomes related to WHO recommen- ) :
cular disease (61% and 54% increased

dations for nutrition interventions in antenatal care.
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4.6,
0.9;

0.91-1.26), or pre-pregnancy exposure

1.07, 95% CI

0.72-1.44).

CVD accounted for 28.3% of recorded deaths but this did not indicate a significant increase in CVD related
There was no significant increase in cerebrovascular disease following maternal exposure to famine before or during

Exposure to famine in mid and late gestation was not associated with significantly increased morality from any

Women exposed to famine in early gestation had a significantly higher risk of cardiovascular mortality (HR
Men exposed to famine in early gestation showed a non-significant reduction in cardiovascular mortality (HR

mortality following gestational exposure to famine (HR
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risk respectively). This is consistent with an earlier examination of the
same cohort which found a 19% increase in cerebrovascular disease risk
for offspring whose mothers gained more than 1 kg/week [15]. No other
significant associations were identified. Within this analysis it was also
identified that offsprings lifestyle factors such as adult smoking, social
class, BMI and diabetes status demonstrated a larger statistically signif-
icant impact on CVD outcomes [15].

An analysis specific to men born in the HBC found no association be-
tween mothers’ weight and offspring’s risk of coronary heart disease
(CHD) [16]. When mothers were divided based on height (over or be-
low 160 cm), a significant association was found for increased risk of
CHD in men of taller mothers. This association was mediated by mens
low ponderal index (<25 kg/m? hazard ratio (HR)=1.7, 95% confidence
interval (CD=1.2-2.5), with p for trend in increased CHD risk with low-
er ponderal index P=0.007). Ponderal index is a measure of thinness-
similar to BMI measures but used in children under 2 years of age, it is
calculated by dividing body weight by height cubed.

When further analysed based on mothers BMI, no significant association
was found for shorter mothers, though in taller mothers, offsprings CHD
rose in mothers with a BMI over 26kg/m? (HR=1.25, 95% CI=1.10-
1.42) per 40 cm?* decrease in placental surface area (P for trend =0.0007)
[16]. For taller mothers, whose BMI was over 26 kg/m* offspring who
had an increased risk of CHD with increasing thinness (measured by
centimeter increase in the difference between length and breadth of pla-
cental surface). Low subject numbers within subgroups mean this analy-
sis had low power. An earlier examination of the same male cohort found
no significant increase in CHD related mortality for offspring of taller
mothers [17]. This analysis identified an increased risk of CHD mortal-
ity for offspring of mothers who were shorter than 158 cm and had a
BMI >30 in comparison to mothers with a healthy weight (mortality ra-
tio 171 vs 56, P=0.006) [17]. The final paper identified a significant,
13% increase in CVD and CHD risk for the female offspring of mothers
whose BMI was over 28 kg/m? [18]. A small increase in risk was also
seen for stroke in offspring of mothers whose BMI was over 28 kg/m?.
There was a significant trend for increased risk of CVD, CHD and stroke
in offspring with each unit increase in maternal kg/m?, P<0.05 [18].

Of the four studies investigating the impact of maternal exposure to fam-
ine during pregnancy, three found an increased risk of CVD in offspring
[19-21]. One found maternal exposure to the Dutch famine was associ-
ated with a 5% increased prevalence of coronary artery disease (CAD) in
offspring over 50 years old, and average age of onset two years young-
er in those exposed in early gestation compared to non-exposed [19].
An ancient Swedish cohort also identified an increased risk of sudden
death from cerebrovascular and cardiovascular disease in offspring of
mothers exposed to food shortages in early or late gestation- though no
significant association for those exposed to food shortages throughout
pregnancy [20]. Female subjects exposed to the Dutch famine during
early gestation demonstrated a hazard ratio of CVD mortality 4.6 times
greater than unexposed subjects, though no significant association was
found for men, or those exposed in mid to late gestation [21]. Analysis
of a large, DFBC sample of male subjects found no significant associa-
tion with CVD mortality [22].

Type 2 diabetes mellitus

Table 3 shows nine papers examined the impact of maternal nutrition
on T2DM in offspring. Six examined the impact of exposure to famine
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during gestation, and three investigated the impact of maternal obesity. The majority (56%), were from
the European region and measured outcomes in offspring who were 50 years of age or older (56%). There
did not appear to be a consistent association between the age of offsprings and the identification of a sig-
nificant increase in T2DM due to maternal obesity or exposure to famine.

Examination of exposure to the Chinese famine during gestation on offsprings T2DM risk found no sig-
nificant difference in the prevalence of T2DM between exposed and non-exposed cohorts, regardless
of severity of famine exposure [23]. A small cohort of 549 subjects, examining famine exposure during
pregnancy as a result of the 1941-1944 Leningrad siege also failed to find a significant impact on off-
springs T2DM risk [24]. In contrast, a Nigerian cross-sectional analysis found the odds ratio of T2DM
was over three times greater in offspring exposed to the Biafran famine during gestation and early infan-
cy [25]. Though this relationship was not significant once adjusted for offsprings BMI, exposure to the

famine was itself associated with increased BMI in offspring [25]. In a large cohort, adults exposed to the
Ukraine famine of 1932-33 identified a dose-response relationship between severity of exposure during
gestation and T2DM risk [26]. Those exposed to extreme famine during gestation showed a 47% increase
in T2DM risk (adjusted odds ratio (aOR)=1.47, 95% CI=1.37-1.58), and a 26% increased risk in those
exposed to severe famine (aOR=1.26, 95% CI=1.14-1.39) in comparison to non-exposed cohorts [26].
A population analysis of all diagnosed cases of T2DM in Austria found an increased risk of T2DM in off-
spring born immediately after periods of famine- compared to those born outside of these periods, the
significance of these relationships was not reported [27]. Analysis of a small, male DFBC subset found no
significant increase in diabetes related mortality following maternal famine exposure [22].

Three studies reported on the impact of maternal obesity during pregnancy and T2DM. One small Indian
cohort found a significant trend for increasing T2DM risk in offspring with increasing maternal weight
during pregnancy [28]. The second American study found subjects with T2DM were significantly more
likely to have mothers who were overweight during pregnancy [29]. Comparing the prevalence of ma-
ternal obesity against controls. The largest study examining this association involving the HBC found off-
spring’s risk of T2DM was significantly associated with increasing maternal BMI with a 4% increase in
T2DM risk for every kg/m? unit increase in maternal weight (P for trend=0.004) [18].

Cancer

Table 4 shows six studies examined the impact of maternal nutrition on offspring’s cancer outcomes. The
majority (83%) were conducted on European cohorts, 50% involved offspring who were aged 50 years or
older. Four studies examined the impact of maternal exposure to famine. Two studies examined this re-
lationship in male subjects, one found males showed a reduced prevalence of testicular cancer following
lower maternal weight during pregnancy due to national food shortages [30]. The other, from the DFBC,
found no significant increase in cancer related mortality as a result of maternal exposure to famine -but
did identify a 15% reduction in the risk of malignant neoplasms [22]. Analysis of the DFBC cohort iden-
tified a 2-fold increase in female offspring’s cancer related mortality associated with maternal exposure
to famine in early gestation (HR=2.3, 95% CI=1.1-4.7, P=0.03), as well as an 8-fold increase in breast
cancer mortality. No significant association was found for male offspring, or those exposed during mid or
late gestation [21]. Examination of exposure to famine during gestation on offspring’s breast cancer risk
found an increased risk (HR=2.6, 95% CI=0.9-7.7) [19].

A small cross-sectional analysis identified an increased risk of breast cancer in the offspring of women who
gained 11-15 kgs during gestation (OR=1.5, 95% Cl=1.1-2.0) [31], however there was no significant
increase in risk for offspring whose mothers gained more than 15 kg. Maternal anaemia status and cof-
fee intake failed to show a significant relationship with offspring’s breast cancer risk. Within the HBC no
significant association between maternal BMI and cancer incidence, or related mortality, was found [18].

Chronic obstructive pulmonary disease

Table 5 shows only one relatively small cohort from Denmark investigated the impact of maternal nu-
trition on chronic obstructive respiratory disorders, specifically examining maternal vitamin D levels on
asthma in offspring (126 cases of asthma). A significant reduction in asthma medication use was seen in
the offspring of mothers with the lowest quartile of maternal 25(OH)D concentration, though no signifi-
cant association with higher vitamin D levels, or vitamin D levels and asthma related hospitalizations [32].
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DISCUSSION

The current review demonstrated the low number of studies investigating the association between ma-
ternal nutrition and offsprings NCD risk, though available papers suggest both maternal obesity and un-
dernourishment play an important role in offsprings risk of CVD and T2DM in adulthood. There is also
some evidence that maternal undernourishment during pregnancy may increase female offspring’s risk of
breast cancer and cancer related mortality, while actually reducing male offspring’s risk of cancer. These
results are based primarily on European cohort studies.

Cardiovascular disease

All five studies investigating the impact of higher maternal BMI on CVD outcomes in offspring identified
an increased risk. The largest cohorts investigating this relationship found a significant increase in CVD
events between 13%-29% [14,18] amongst offspring of mothers with recorded BMI values over 25 kg/
m?. Within the HBC there was also a significant trend identified for increasing risk of CVD, CHD and to a
lesser extent stroke for each standard deviation point increase in BMI above 24 kg/m? [18]. Similar trends

were found for CHD risk in offspring by Forsen et al [17], while an increased risk of CHD was found in
male offspring of taller mothers who had a BMI over 25 kg/m?, a relationship that was reliant of offspring
who were also thin at birth (measured by low ponderal index) [16]. An increased risk of cerebrovascular
diseases was identified in offspring of mothers who had a BMI value over 25 kg/m? [14] and mothers who
gained over 1 kg a week during gestation [15]. Though all studies identified significant increases in risks,
none indicated an increase in mortality and impacts were generally specific to cardiovascular events, cor-
onary heart diseases and cerebrovascular disease. The largest analysis by Reynolds et al. found no relation-
ship with the risk of angina, myocardial infarction, stroke or peripheral artery disease in offspring [14].

Maternal obesity and excessive gestational weight gain has previously been associated with a host of ad-
verse birth outcomes, including macrosomia and childhood obesity [33,34]. A recent systematic review
and meta-analysis found that once publication bias was accounted for, no protective effect was appar-
ent for maternal obesity against low birth weight. Instead, the risk of having a very (<1500 g RR=1.61,
95% Cl=1.42-1.82), or extremely (<1000 g RR=1.31, 95% CI=1.08-1.59) low birth weight infant was
actually increased in overweight and obese mothers [35]. This is consistent with findings of the impact
of maternal weight on CVD outcomes in offspring being linked to thinness at birth which is an indica-
tor of intrauterine growth restriction [16]. Two cohorts from the United Kingdom also identified higher
rates of CHD [36] and death from ischemic heart disease [37] amongst men who had a low birth weight.

Within the four included studies, three found exposure to famine during gestation increased the risk of
CVD outcomes. Each of these examined the timing of exposure to famine and found exposure during
early gestation was associated with an increased risk of CAD [19], sudden death from CVD [20] and a
4-fold increase in CVD for women [21]. Within the Swedish cohort it was found that radical changes to
nutrient availability during gestation, rather than chronic famine exposure throughout gestation, increased
offspring’s risk [20]. The largest cohort also failed to identify an increased risk of CVD related mortality
as a result of famine exposure during gestation [22].

Type 2 diabetes mellitus

The six papers examining the impact of maternal exposure to famine during pregnancy on offsprings
risk of T2DM found mixed results. While cohorts from Nigeria [38], Austria [27] and the Ukraine [26]
found significant increases in offspring’s risk, ranging from 3% to a 3-fold increase — other large cohorts
from Russia [24], China [23] and the Netherlands [22] found no increased risk. In studies which did
not find an association, contextual factors may explain this null finding. For example, the DFBC subset
analysis suffered from small sample sizes and limited power [22]. Within analysis of subjects exposed to
the Chinese famine the timing of exposure was not well defined [23], this was also the case within the
Russian cohort as it is thought that exposure to famine was not confined to pregnancy due to ongoing
food shortages with Leningrad once the siege had lifted [24]. These are important considerations when
results are compared to the positive findings of the larger studies from the Ukrainian and Austria which
suggest a dose-response relationship with famine exposure in gestation and T2DM, particularly for those
exposed in early gestation. Examination of the Ukraine famine found a dose response relationship with
exposure to T2DM leading to an increased risk ranging between 26%-47% [26]. However, the diabetes
cases within this study were taken from a unique diabetes register which maximises the likelihood of
finding an association within the study. The same is true for the Austrian study by Thurner et al [27]. In
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comparison, the use of the nationally representative nutrition survey by Li et al. may be under represen-
tative of the total T2DM cases within famine affected areas [23]. Context specific factors also influence
findings of a famine’s impact on T2DM. For example, it should be noted that the sample population ex-
amined from the Leningrad siege was largely malnourished before the siege, and remained malnourished
after the siege [24] — it is hypothesised that this meant children did not experience accelerated weight
gain, thought to be a mediating factor in the link between maternal undernutrition and offspring meta-
bolic risk factors, particularly impacting on glucose-insulin metabolism[39,40]. Supporting this theory
are results from offspring of the Biafran famine in Nigeria, which indicated fetal exposure to famine was
associated with higher adult BMI in offspring. While a significant increase in T2DM was not apparent
once adjusted for these differences in BMI, before adjustment the risk of T2DM was three times higher
in exposed infants [25]. Exposed infants also showed a significant increase in impaired glucose tolerance
(@aOR=1.65,95% CI=1.02-2.69) [25].

PAPERS

Our review identified three papers which consistently associated maternal overweight with T2DM, all in-
dicated a significant impact with higher maternal weight linked to increased risk of T2DM in offspring.
The largest of these, involving the HBC identified a 20% increased risk of T2DM for offspring of over-
weight mothers (BMI >28 kg/m?), along with a significant trend for increasing risk with increasing ma-
ternal weight [18].

This review found some evidence to suggest an increased risk of T2DM in offspring exposed to maternal
over nutrition and under-nutrition, the impact of which appears to be dependent on unhealthy lifestyle
factors in offspring. Though not included within this review, studies investigating the impact of gestation-
al diabetes on offsprings T2DM risk support the theory of trimester specific impacts as they show a tri-
mester specific impact of a hyperglycemic intrauterine environment in mothers with gestational diabetes
or type 1 diabetes, on the offsprings risk of developing T2DM [41,42]. The association is also supported
by findings in some populations that a decline in T2DM prevalence correlates to reductions in low-birth
weight pregnancies [43,44].

This relationship between maternal nutrition status and T2DM is an important topic for future research
as it could explain some of the rapidly growing prevalence rates of T2DM in LLMICs where nutrition
transitions have occurred.

Cancer

Though limited, available studies investigating the impact of maternal exposure to famine before or during
pregnancy suggest a 4-fold increased risk of breast cancer and 2-fold increase in cancer related mortality
for female offspring — particularly for those exposed in early gestation. For men, no significant increase
in cancer related mortality was identified, in line with findings of reduced occurrence of malignant neo-
plasms, and specifically, a reduction in testicular cancer. There was some evidence for an increased risk of
breast cancer in relation to mothers GWG. This was from a small sample however and the level of GWG
linked to increased risk (11-15 kg) lies within the WHO recommendations for underweight and healthy
weight mothers [13], higher levels of GWG were also not associated with offspring’s breast cancer risk.
The larger HBC also found no association between maternal weight and offspring’s risk of cancer or can-
cer related mortality.

Amongst 25-45 year-old Swedish men it has also been found that for each 1000 g increase in birthweight
the risk of cancer incidence rose 17% [45]. Findings for a reduced prevalence of testicular cancer are
also consistent with an analysis of TC incidence in Scandinavian countries which shows an interruption
in the increasing prevalence corresponding to men’s birth during WWII [46]. This relationship also has
a plausible biological explanation as higher maternal weight is associated with increased bioavailability
of sex hormones including estrogen, which has been proposed as a risk factor for testicular cancer [30].

Chronic obstructive pulmonary diseases

Currently there are too few studies to form conclusions on the association between maternal nutrition
and COPD. Although our search uncovered 32 papers investigating the impact of maternal nutrition fac-
tors on asthma, most measured this outcome in children aged 3-8 years and were excluded due to age
restrictions. While the included paper suggests low maternal vitamin D status may reduce the risk of al-
lergic asthma at 25 years of age, it should be noted that the study involved a relatively small sample with
just 126 cases [32]. Results were however important as Denmark has been shown to have a high preva-
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lence of vitamin D deficiency as well as showing a high national prevalence of COPD [47,48]. Within the
same cohort maternal obesity has also been indicated as a potential risk factor for asthma in childhood
measured at seven years of age [49]. Contradictory results have been noted on the role of maternal vita-
min D on asthma in offspring in previous studies [32] with a 2016 systematic review failing to identify a
significant association [50].

Though no papers met the inclusion criteria of the current review, some more recent studies have indicat-
ed maternal exposure is associated with an increased risk of COPD in adult offspring [51,52].

Quality assessment

Results of assessment with the NOS (S3) found included cohort studies showed a low risk of bias for the
representativeness of samples and comparators, demonstration that outcomes of interest were not present
at the commencement of the study, outcome measurements and follow-up duration. The risk of bias was
higher in the comparability of cohorts due to the risk of residual confounders that were not controlled

for, including offspring behavioral risk factors for NCDs (diet, physical inactivity, alcohol and tobacco
use), and family history of disease. The adequacy of follow-up in cohorts was also an area of potential bias
with some studies reporting on only half the total cohort. Some cohorts were also limited in power due
to small sample sizes within analyses. Maternal weight measurement methods and timings were mixed:
some studies measured weight at only one-time point (in early or late pregnancy), and others relied on
mothers’ recall years after the fact.

Publication bias may be swaying results within this review. The majority of papers come from large, high
quality cohorts reducing the likelihood of publication bias at a review level. At an outcome level, two pa-
pers investigating the association between maternal BMI and CVD in men reported significant findings
only in small subsets of subjects, with limited power and with contrasting findings in relation to maternal
height [16,17]. However, the association was found in a much larger cohort with low risk of bias [18].

The nature of research into maternal health means the vast majority of studies take advantage of oppor-
tunistic maternal nutrition measures, such as location and timing of birth (in reference to famines), in-
dividual maternal weight measures or routine vitamin D status checks. The review failed to identify evi-
dence to suggest any specific foods, nutrients or maternal dietary patterns impacted on an offspring’s risk
of NCDs which limits the review’s capacity to inform detailed nutrition advice for mothers. Animal stud-
ies have suggested more specific dietary patterns may impact on offspring’s NCD risk, specifically protein
deficiency, free fatty acid intake and diets high in “junk food” [41,53,54].

Availability of studies means the conclusions of this review apply primarily to European populations where
cohort data are available. Currently there is a lack of evidence for examining the relationship between
maternal nutrition and offspring NCD outcomes from low and lower-middle income countries where
much of the global NCD burden lies. In relation to famine exposure this has important implications as
the majority of included studies examine the impact of relatively short periods of famine, and opposed to
extended states of food insecurity which can last generations in low income countries. A major limitation
of observational studies included in our systematic review is also the risk of residual confounders influ-
encing the results. While the majority of studies controlled for major confounders including socio-eco-
nomic status, the offspring’s BMI and smoking status, they could not control for family history of disease
or offspring dietary and physical activity patterns. While ethical considerations limit the ability to con-
duct strict randomised controlled trials, interesting results have been obtained from sibling comparison
studies where one sibling is born while mothers are classified as obese, and the other born after mothers
have undergone gastric bypass to reduce their body weight and dietary intake. Though small (n=111),
this comparison found significant improvements in the siblings born after gastric bypass in relation to
lower levels of severe obesity, greater insulin sensitivity and improved lipid profiles compared to those
born before the gastric bypass [55]. This is an important finding as it indicates potential for prevention.

Implications for the future

While ethical considerations restrain the potential for randomised controlled trials, findings of the cur-
rent review warrant further examination in future studies and reviews. These studies should focus on
the measurement of more specific dietary patterns, as well as the potential of nutrition interventions to
prevent undernutrition, and excessive weight gain during pregnancy and the resulting impact on birth
outcomes and long term NCD risk in offspring. There is an urgent need for such research from low and
lower-middle income countries. Such results could work to inform food ration programs during human-
itarian crises, as well as the provision of dietary advice within antenatal care. Investigations into these fac-
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tors should align themselves to GAP NCD indicators and aim for uniformity across countries to expand
the useable evidence base and strengthen the evidence case for a lifecycle approach to NCD prevention.
There is also great potential to use existing databases to obtain maternal weight data with the intent to
link this to offspring’s NCD outcomes to add importance to this field of data.

Findings from available studies support existing WHO recommendations for nutrition interventions
during antenatal care [13], namely counseling on healthy eating and healthy weight/weight gain as well
as education and supplementation to increase protein and energy intake in undernourished mothers. In
terms of health education, however, they suggest the impact of achieving these goals extends well be-
yond immediate birth outcomes and could help reduce an offspring’s susceptibility to NCDs, specifically
CVD, T2DM, breast cancer and cancer related mortality in the future. Findings of the impact of famine
on T2DM and CVD in offspring hold important implications for many low and lower-middle income
countries undergoing rapid nutritional transitions where the next generation may have been exposed to
spectrums of contrast between fetal undernutrition in gestation followed by postnatal calorie excess. On
the other end of the maternal nutrition spectrum, maternal obesity consistently showed an association
with an increased prevalence of NCDs. Although it is difficult to control for the impacts of shared hered-
itary factors, environments and offspring’s lifestyle factors — the consistency of these findings do suggest a
critical window for impact during pregnancy. This is supported by findings of maternal BMIs impact on
birthweight, and the subsequent association between birthweight and NCDs later in life. These findings
hold important implications for both policy makers and practitioners, as it shows added importance, and
urgency of promoting healthy weight, and weight gain during pregnancy.

PAPERS

CONCLUSIONS

The shortage of studies identified by this review is in itself a surprising finding considering that maternal
weight, and vitamin deficiencies are commonly recorded in the maternal health protocols for many countries.

While the level of evidence is not high enough to prove causation, included studies did provide relatively
consistent findings to indicate both exposure to famine, and high maternal body weight may increase an
offsprings risk of CVD (particularly cerebrovascular disease) and T2DM. This relationship appears to be
stronger for female offspring exposed during early gestation. In the case of famine exposure and T2DM,
these diseases appear reliant upon an offsprings exposure to contrasting nutritional environments after
birth. For female offspring, both exposure to famine and maternal overweight during gestation was also
associated with increased risk of cancer, specifically breast cancer. For men, exposure to famine during
gestation appears to be associated with reduced risk of cancer. Though there are some indications of an
association, currently there are too few studies to make conclusions on the impact of maternal nutrition
on adult offspring’s COPD outcomes.
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