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ABSTRACT
Background Mothers with lower birth weight (LBW)
offspring have been found to be associated with
cardiovascular disease (CVD) morbidity, which shares
many risk factors with diabetes.
Aims To investigate the relation between offspring birth
weight and maternal risk of mortality from diabetes.
Methods A total of 1 400 383 singletons of primigravida
registered in Taiwan between 1978 and 1987 were
followed to the end of 2006. The offspring birth weight
was assessed with and without standardisation for the
gestational age of offspring. Cox model was used to
estimate the HR of maternal diabetes mortality in relation
to offspring birth weights.
Results Altogether, 812 (5.8%) mothers died of
diabetes. Mothers with LBW (<2500 g) and
macrosomia (>4000 g) offspring were both at increased
risks of mortality from diabetes with HR 1.76 (95% CI
1.46 to 2.19) and 2.86 (95% CI 2.32 to 3.53),
respectively. Similar results were seen while birth weight
was standardised for gestational age.
Conclusions This cohort study found that mothers with
LBW and macrosomia offspring had an increased
mortality risk of diabetes. This relationship could be
attributable to the possible pathway of intergenerational
effects or maternal insulin resistance due to
maladaptation to pregnancy.

INTRODUCTION
Epidemiological evidence has indicated a significant
relation between mothers having low birth weight
(LBW; <2500 g) infants and an elevated risk for
cardiovascular disease (CVD).1 This association has
been commonly interpreted as the indicative of an
intergenerational correlation between the birth
weights of a mother and her offspring,2 and of the
‘Barker ’s early origin of adult disease hypothesis’.3

The association between maternal and offspring
birth weights is well-established in a number of
studies.4e7 A woman born as small for gestational
age (SGA) is 2e4 times more likely to deliver a SGA
baby.6 7 Such intergenerational association prob-
ably involves both environmental and genetic
processes.7 Additionally, the Barker ’s fetal
programming hypothesis postulates that fetal
under-nutrition usually limits fetal growth, which
may in turn increase the cardiovascular disease
(CVD) risk in adulthood.3

Apart from CVD mortality studies, previous
studies also reported that bearing LBW offspring
was related inversely to systolic blood pressure8 9

and levels of the inflammatory markers, such as
interleukin 6 and C reactive protein concentration.8

These studies suggest that these women may be
predisposed to upregulation of inflammation that
has been found to be associated with increased
CVD risk,10 which further substantiates the
observed associations between offspring size at
birth and maternal CVD mortality.
LBW and its components, idiopathic preterm

delivery and intrauterine growth restriction, shared
many risk factors with CVD and diabetes. These
risk factors included obesity, cigarette smoking and
hypertension.11 Additionally, previous studies also
indicated that mother ’s unsuccessful adaptation to
the profound biological demands of pregnancy may
result in not only growth restriction of the fetus
but also maternal insulin resistance.2 9 12 It has
been proposed that the reasons for maladaptation
to pregnancy could involve both vascular disease
and metabolic pathways.13 The aforementioned
study findings may lead to the speculation that
women who had LBWoffspring are at elevated risk
for CVD and at a greater risk of metabolic disorders
like diabetes. The associations between bearing
LBW infants and risk of diabetes in mothers were
scarcely investigated previously.5 14 Therefore, we
used the national birth and death registry datasets
of Taiwan to conduct a cohort analysis and to
investigate the associations between offspring birth
size and the risk of maternal mortality from
diabetesda disease with an increasing public health
importance worldwide.

METHODS
This study used a retrospective cohort design
linking between the Taiwan Birth Registry (TBR)
and Taiwan Death Registry (TDR). It is required by
law that all live births and deaths in Taiwan must
be registered within 10 days following the birth or
death. Between 1978 and 1987, a total of 1 422 286
singletons from primigravida were registered in the
TBR. We employed the Tuckey’s rule15 to exclude
21 903 (1.54%) records with possibly implausible
birth weight for gestational age, leaving 1 400 383
singletons in the analysis.
Exposure measures of interest included preterm

delivery (<37 completed weeks of gestation), LBW,
macrosomia ($4000 g), SGA (smaller than the 10th
percentile of the calendar sex-gestation-specific
birth weight distribution) and large-for-gestational
age (LGA; larger than the 10th percentile of the
calendar sex-gestation-specific birth weight distri-
bution). Outcome measures were all-causes
mortality, diabetes mortality (underlying cause of
death (UCOD) of 250 based on the International
Classification of Disease 9th version, Clinical
Modification (ICD-9-CM)) and deaths from other
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metabolic and immunity disorders (ICD-9-CM: 240e279,
excluding 250), which were obtained from TDR for 1978e2006.
Due to mandatory registration of all deaths in Taiwan and all
death certificates completed by physicians, the TDRs are also
generally complete. Lu et al assessed the agreement between
official coders and a panel of physicians on determining UCOD
given the information of death certificates, and found that the
agreement was substantial for cancer and CVD with Kappa
statistics of 0.83 and 0.73, respectively, but was moderate for
pulmonary disease.16

The potential confounders considered included year of
delivery (10 y), maternal age at the time of delivery (<20,
20e24, 25e29, 30e34, $35 y), marital status (married, other-
wise), educational level (elementary or less, junior high, senior
high, college or more), employment status (actively employed,
otherwise) and level of urbanisation for mother ’s residential
district. The information on potential confounders was obtained
from the TBR. We categorised mother ’s place of living into three
levels of urbanisation (ie, metropolitan, satellite city or town,
and rural area). The purpose of adjusting maternal socioeco-
nomic background and urbanisation of living district was to
remove the possible social and urban-rural differences in acces-
sibility to medical care in Taiwan.

We first calculated the cumulative mortality risk of diabetes
according to various maternal characteristics, including year of
delivery, age group, marital status, education level, employment
status and urbanisation of residential area. We then used the Cox
proportional hazard model without and with adjustment for
potential confounders to calculate the crude and adjusted HRs of
all-causes death, diabetes mortality and death from metabolic
and immunity disorders other than diabetes associated with
various exposure measures separately.

In performing the Cox proportional hazard regression anal-
ysis, the index dates for all mothers were the dates of delivery.
The study endpoint was the possible mortality from all causes,
diabetes or other metabolic and immunity disorders encountered
by the study mothers. If the mothers did not encounter any
mortality before the end of follow-up (ie, 31 December 2006),
they were considered censored on the last day of follow-up. For
those who encountered mortality from causes other than deaths
of interest, they were also censored on the date of death. We also
performed log (�log) test and confirmed that proportionality
between hazards is assumed for our data. The statistical anal-
yses were performed with SAS V9.1. A p value <0.05 was
considered statistically significant for hypothesis testing
included in this study.

RESULTS
By the end of 2006, the minimum and maximum length of
follow-up for the study subjects was 19.38 and 28.92 years,
respectively, with a mean and SD of 23.94 and 3.23 years,
respectively. The study cohort was observed for a total of
33 500 370 person-years. By the end of 2006, a total of 32 130
women died of all causes with a cumulative death risk of 22.9&
and a mortality rate of 9.59 per 10 000 person-years. The
corresponding figures for death from diabetes were 0.58& and
0.24 per 10 000 person-years. Diabetes accounted for 2.53% of
total deaths and was ranked the sixth leading cause of death
after female breast cancer (ICD-9-CM: 174; 9.08%), multiple
fracture of upper limbs (ICD-9-CM: 819; 8.05%), lung cancer
(ICD-9-CM: 162;4.22%), cervical cancer (ICD-9-CM: 180;3.77%)
and gastric cancer (ICD-9-CM: 151; 3.03%).

Table 1 shows death rates from diabetes according to selected
mother’s characteristics. There was obvious variation in age-specific

mortality rates with a particularly high figure noted in mothers
aged 30 y or more (13.57 and 45.81 per 10 000 person-years for
age group of 30e34 and $35 y, respectively). Unmarried and
less- educated mothers also had higher mortality rates. On the
other hand, employed mothers and mothers from less urbanised
areas were both at increased mortality rates of diabetes
postpartum.
We found that bearing LBW infants was significantly associ-

ated with an elevated risk of all-causes mortality (HR 1.31, 95%
CI 1.25 to 1.38) after taking potential confounders, including
gestational age, into account. Additionally, we also noticed
increased risk of mortality from metabolic and immunity causes
other than diabetes, but such increased risk was compared to
null statistically (adjusted HR 1.86, 95% CI 0.87 to 3.99) (data
not shown in table). There was a significant crude relation
between preterm delivery and risk of mortality from diabetes
(HR 1.73, 95% CI 1.33 to 2.26). However, such significantly
elevated RR estimate disappeared as the potential confounders,
including infant’s birth weight, were considered in the analysis
(HR 1.13, 95% CI 0.80 to 1.59). Similarly, preterm delivery did
not show significantly independent influences on the risk of
mortality from metabolic and immunity disorders other than
diabetes (adjusted HR 0.91, 95% CI 0.34 to 2.40). On the other
hand, bearing LBW infants was associated with a significantly
increased risk of mortality from diabetes even after the potential

Table 1 Death rate of diabetes according to selected maternal
characteristics

Characteristics No. of mothers

Death from diabetes

n per 10000 person-years

Year of delivering infants

1978 140444 150 10.69

1979 151889 124 8.17

1980 144228 100 6.94

1981 149261 97 6.50

1982 148521 86 5.79

1983 141462 69 4.88

1984 139590 69 4.95

1985 132438 51 3.85

1986 126016 37 2.94

1987 126534 29 2.29

Age group (y)

<20 142426 88 6.18

20e24 676978 264 3.90

25e29 489446 295 6.03

30e34 78871 107 13.57

$35 12662 58 45.81

Married

Yes 1360622 777 5.71

No 39761 35 8.80

Education level*

Elementary or less 442817 471 10.64

Junior high 363450 167 4.59

Senior high 530886 157 2.96

College or more 62129 15 2.41

Work

Yes 1263532 750 5.94

No 136851 62 4.53

Urbanisation of residential area

Metropolitan 693972 377 5.43

Satellite city or town 664893 399 6.00

Rural area 41518 36 8.67

Total 1400383 812 5.80

*Information on maternal education level was missing for 1101 subjects.
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confounders were taken into consideration (adjusted HR 1.50,
95% CI 1.12 to 2.00) (table 2).

Further analyses of offspring birth size in relation to diabetes
mortality risk of mothers are presented in table 3. Compared to
mothers with infants of 2500e3999 g, those who delivered LBW
and macrosomia ($4000 g) infants were both at increased risks
of diabetes mortality (HR 1.99, 95% CI 1.59 to 2.48 and HR
3.03, 95% CI 2.45 to 3.74, respectively). The significantly
elevated HRs sustained after potential confounders were
considered (adjusted HR 1.76, 95% CI 1.46 to 2.19 and HR 2.86,
95% CI 2.32 to 3.53, respectively). Almost identical results were
found in the analysis when offspring birth weight was alterna-
tively categorised into SGA (adjusted HR 1.24, 95% CI 1.01 to
1.53), appropriate gestational age (reference) and LGA (adjusted
HR 2.77, 95% CI 2.27 to 3.38).

DISCUSSION
We found that mothers bearing smaller offspring were at
elevated risk (by 76%) for diabetes mortality. However, preterm
birth posed no significantly independent influence on the risk of
diabetes mortality after potential confounders, including birth
weight, was adjusted. Additionally, mothers bearing a macro-
somia were also at increased risk of diabetes mortality with an
even greater RR estimate (2.86-fold). The potential public health
implication of findings from this study should not be overlooked
since bearing LBW infants or macrosomia is not uncommon and
diabetes has been one of the most prevalent non-communicable
diseases globally.

The potential link between bearing a LBW infant and
maternal risk of diabetes in later life was rarely studied. Davey
Smith et al14 tested the fetal insulin hypothesis by exploring the
associations between offspring birth characteristics and parental
diabetes. The results showed a strong inverse association
between offspring birth weight and maternal diabetes mortality
with a weaker association among the fathers. The association
observed in the father probably reflects common genetic factors
that increase the risk of diabetes in the father and are also related
to lower birth weight in the fetus. Given the greater strength of
the inverse association observed in the mother, the study also
argued that it is likely that, in addition to common genetic
factors, intra-uterine environment could also play a part in the
association between maternal diabetes mortality and offspring
birth weight. Catov et al8 found that women who delivered
a LBW infant were more insulin resistant, had greater fasting
insulin levels, but had no greater risks of diabetes. However, this
study was likely to be underpowered by recruiting only 446
women. Besides, the authors also argued that the presence of
insulin resistance without diabetes mellitus may reflect a recent
pathophysiological state that has not progressed.8

The association between bearing LBW infants and increased
risk of diabetes mortality in mothers can be multifaceted. The

intra-uterine programming theory argued that women who
themselves had poor growth and LBW tend to have smaller
offspring.3 A number of studies did clearly demonstrate that
women who were low birth weight themselves were at
increased risk of delivering low birth weight offspring even after
adjusting the confounding effects of pre-pregnant weight and
height.6 7 This effect may be related to maternal pelvic restric-
tion, poor placenta grow, and fetal under-nutrition.17 Moreover,
the association between slow fetal growth and increased CVD
risk has been consistently replicated in epidemiological studies,1

with stronger evidence noticed if there is over-nutrition and
accelerated growth in the postnatal period.12 Because women
with LBW infants have greater fasting insulin level and insulin
resistance,8 and because CVD shares many risk factors with
diabetes, our findings might also result from intergenerational
influences. Therefore, it can be interpreted as demonstrating the
establishment during fetal development of processes with long-
term consequences for metabolic function.17 Additionally,
maternal genetic factors related to diabetes risk may also influ-
ence offspring birth weight via effects on the intra-uterine
environment. For example, maternal genes related to greater
height of the mother could influence offspring birth weight via
an effect on the intra-uterine environment.14

In addition to intergenerational influences, fetal programming
theory and genetic influence, certain behaviour and clinical
factors are also plausible reasons for the observed risk of diabetes
in mothers with small offspring. For example, mothers who
smoke are expected to be strongly related to lower offspring birth
weight and also to have greater likelihood of developing diabetes
in later adulthood. In addition, certain clinical attributes such as
depressive disorder18 were found to be associated with bearing
LBW infants. Many studies have concluded that depressive
symptomsmay increase the mortality risk of diabetes mainly due
to the association of depression with poor adherence to diabetes
treatment and poor glycaemic control,19 and an increased risk for
microvascular and macrovascular disease complications.
In Taiwan, all residents are covered by the National Health

Insurance (NHI) programme, which has been introduced since
March 1995. This state-run Bureau of NHI (BNHI) has
contracted with 97% of hospitals as well as 90% of clinics all
over the nation.20 The NHI provides free prenatal care and
recommends 10 prenatal visits for all pregnant Taiwanese
women in order to reduce the risk of poor pregnancy outcomes
and to decrease the need for paediatric care after birth. A recent
Taiwanese study, using Taiwan’s NHI data, found that women
with a history of depressive disorders had fewer prenatal care
visits (8.50 vs 9.17 time, p<0.001) but higher prenatal care
costs.21 Fewer prenatal care visits have been found to be asso-
ciated with higher risk of delivering LBW infants; and women
who co-morbid with depression and diabetes are vulnerable to
experience higher mortality risk of diabetes because of their poor

Table 2 Associations of preterm delivery and bearing low birth weight (LBW) infants with mortality risk of diabetes (ICD-9-CM: 250)

No. of mothers No. of death Unadjusted HR 95% CI Adjusted HR* 95% CI

Preterm delivery

No 1341978 752 1.00 1.00

Yesy 58405 60 1.73 1.33 to 2.26 1.13 0.80 to 1.59

Bearing LBW infants

No 1315098 723 1.00 1.00

Yesz 85285 89 1.80 1.45 to 2.25 1.50 1.12 to 2.00

*Based on Cox proportional hazard regression model with adjustment for year of delivery, maternal age at the time of delivery, marital status, education level, employment status, level of
urbanisation for residential district and preterm delivery (or bearing low birth weight infant).
y<37 completed weeks of gestation.
z<2500 g.
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compliance to glucose control and treatment. Due to a lack of
information on environmental, behavioural and clinical risk
factors for diabetes, we were unable to evaluate the roles of these
factors in explaining the offspring LBW and maternal diabetes
association. There were only nine deaths from diabetes that
occurred during the first 5 y postpartum, and all these nine
deaths were from the non-LBW group. We re-analysed the data
by excluding these nine deaths and yielded essentially the same
risk estimates, suggesting that the findings noted in this study
should not merely be interpreted as most LBW infants were
delivered by sick women.

In addition to LBW, this study also demonstrated that prior
delivery of a macrosomia increased maternal mortality risk for
diabetes. However, this finding is not surprising, as a high birth
weight infant is likely to be born by mothers with gestational
diabetes who in turn may be at greater risk of developing type 2
diabetes subsequently. A follow-up observational study noted
that mothers of heavier babies were taller and more obese than
mothers of lighter babies at the 8th year postpartum.22 Addi-
tionally, increasing offspring birth weight may predict higher
homeostasis model assessment for insulin resistance and meta-
bolic syndrome in mothers after adjusting for offspring sex and
birth order, maternal age and socioeconomic status,22 which was
consistent to our findings.

There are several methodological strengths to our study. First,
this study was based on national registry data, which ensures
the representativeness of the study cohort. Additionally, linkage
between birth and death registries also effectively reduces the
likelihood of loss to follow-up, which provides reassurance that
the potential selection bias associated with this study is believed
to be minimal. Second, the study cohort was consisted of more
than 1.4 millions of mothers and was followed for up to nearly
30 y, which allows this study to have adequate statistical power
to detect small effect-size of interest. Third, both birth and
death registries have been considered valid and complete and we
have excluded those births with implausible birth weight for
gestation, which further provides reassurance on the accuracy of
birth weight.

Our study also has limitations. First, we ascertained diabetes
mortality solely from the information of UCOD registered in
TDR.McEwen et al have indicated that diabetes was significantly
less likely to be reported on the death certificates of decedentswith
diabetes dying of cancer, but is muchmore likely to be reported on
the death certificates of diabetic individuals who die of cardio-
vascular causes.23 Additionally, although all death certificates
were certified by physicians and the coding system was the same
during the study period, the likelihood of erroneous recording of
UCOD cannot be entirely excluded over such a long observational
period. Nonetheless, the potential UCOD misclassification
incurred would not be dependent on offspring birth weight, and

was likely to be non-differential, which may not be a valid argu-
ment for the associations observed in this study. Second, we used
mortality data rather than incidence data as the endpoint, which
might entail certain degree of bias in the study. This is because
previous Taiwanese studies have reported that LBW infants are
less prevalent in urban areas than in rural area24; and other studies
showed diabetic patients have higher risks of both macrovascular
complications and hip fracture that could be lethal.25 26 None-
theless, we have attempted to control for this sort of potential
confounding by adjusting for urbanisation of the study subject’s
residential district. Third, althoughwe had taken several potential
confounders into account, like most previous studies using regis-
tries of delivery data matched to mortality data,8 our study still
had limited ability to comprehensively adjust for potential
confounders such as lifetime smoking exposure and weigh gain.
Fourth, the information on history of diabetes was not available
for the study womenwhomight have diabetes prepartum, which
could have led to large babies and later diabetes mortality.
In conclusion, our results confirmed that women who had

a first-pregnancy complicated by LBW or macrosomia may both
have significantly higher diabetes mortality risks. There is a need
for future studies to illustrate the mechanism relevant to our
findings. Additionally, our results may have important implica-
tions for policies aimed at contemplating public health inter-
ventions to improve fetal growth. Moreover, having a LBW

Table 3 Associations of offspring birth weight with risk of mortality from diabetes (ICD-9-CM: 250) in mothers

N Death from diabetes Unadjusted HR 95% CI Adjusted HR* 95% CI

Infant’s birth weight (g)

<2500 85285 89 1.99 1.59 to 2.48 1.76 1.46 to 2.19

2500e3999 1251176 623 1.00 1.00

$4000 63922 100 3.03 2.45 to 3.74 2.86 2.32 to 3.53

Infant’s gestation standardised birth weight

SGA 161084 105 1.31 1.06 to 1.61 1.24 1.01 to 1.53

AGA 1105175 551 1.00 1.00

LGA 83230 118 2.91 2.38 to 3.54 2.77 2.27 to 3.38

*Based on Cox proportional hazard regression model with adjustment for year of delivery, maternal age at the time of delivery, marital status, education level, employment status and level of
urbanisation for residential district.
AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age;.

What this paper adds?

< Mothers with low birth weight (LBW) offsprings have been
found to be associated with an increased risk of developing
cardiovascular disease (CVD), which could be accounted by
both genetic predisposition and intra-uterine environment.
Because LBW and its components, idiopathic preterm delivery
and intrauterine growth restriction, share many risk factors
with CVD and diabetes, it has been proposed that LBW
offspring could also be associated with an increased risk of
diabetes in mothers. Nevertheless, such association has
rarely been investigated.

< This large-scale cohort study found that mothers bearing LBW
offspring may suffer from an increased risk of mortality from
diabetes. Such a finding is consistent with the hypotheses
that common genetic factors and intra-uterine environment
may play a role in the association between offspring birth
weight and maternal diabetes. Having a LBW infant can be
used to mark women for intensive screening for diabetes and
for appropriate intervention that can prevent or reduce the
mortality risk of diabetes in mothers.
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infant or macrosomia can be used to mark women for intensive
screening for diabetes and for appropriate intervention that can
prevent or reduce the mortality risk of diabetes in mothers.
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