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Background Health outcomes throughout the life course have

been linked to fetal growth restriction and low birthweight. A

variety of measures exist to define low birthweight, with a lack of

consensus regarding which predict adverse outcome.

Objectives To evaluate the relationship between birthweight

standards and childhood and adult outcomes in term-born infants

(≥37 weeks’ gestation).

Search strategy MEDLINE (1966–January 2011), EMBASE (1980–
January 2011), and the Cochrane Library (2011:1) and MEDION

were included.

Selection criteria Studies comprising live term-born infants

(gestation ≥37 completed weeks), with weight or other

anthropometric measurements recorded at birth along with

childhood and adult outcomes.

Data collection and analysis Data were extracted to populate

2 9 2 tables relating birthweight standard with outcome, and

meta-analysis was performed where possible.

Main results Fifty-nine articles (2 600 383 individuals) were

selected. There was no significant relationship between

birthweight <2.5 kg (odds ratio [OR] 0.98, 95% confidence

intervals [CI] 0.87–1.10) and composite measure of childhood

morbidity. Weight <10th centile on the population nomogram

showed a small association (OR 1.49, 95% CI 1.02–2.19) for

the same outcome. There was no significant association between

either of the above measures and adult morbidity. The

relationship between other measures and individual outcomes

varied.

Author’s conclusions The association between low

birthweight, by any definition, and childhood and adult

morbidity was inconsistent. None of the current

standards of low birthweight was a good predictor of adverse

outcome.

Keywords Adult morbidity, childhood morbidity, low

birthweight, meta-analysis, systematic review.
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Introduction

The ‘fetal origins hypothesis’ suggests that malnourishment

in utero changes fetal programming, whereby biological

pathways are altered, resulting in increased susceptibility to

disease. In 1986 Barker et al.1 demonstrated an inverse rela-

tionship between birthweight and adult cardiovascular dis-

ease. Since then, numerous studies have evaluated the

association between low birthweight and morbidity and

mortality throughout the life course.2–10 However, the
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results have not always been consistent.11–14 The initial evi-

dence for the Barker hypothesis has been criticised for fail-

ing to account for important potential confounders such as

gestational age and socio-economic class, and as such is

not universally accepted.15

A number of methods have been used to define low

birthweight and to attempt to identify infants who may be

at risk of subsequent adverse outcome, including popula-

tion-based centile charts, the most commonly used thresh-

old being the 10th centile;16 customised charts where the

mother’s BMI and ethnicity are used to calculate individua-

lised growth centiles;17 and ponderal index, which takes

into account the neonatal weight and length.18,19

The aim of this systematic review was to re-examine the

association between low birthweight and adverse outcomes,

avoiding the confounding influence of prematurity, by

strictly limiting study inclusion to infants of 37 weeks’ ges-

tation or more. The findings of this review have been split

into two papers. The first, focusing on neonatal outcomes

(mortality and morbidity), has been published separately.20

Birthweight tests were found to be strongly associated with

neonatal mortality and morbidity, especially at lower abso-

lute birthweight threshold. The current report focuses on

examining the association between low birthweight at term

and morbidity and mortality during childhood and adult

life.

Methods

Our methodology has been described in detail using the

same data sources, search strategy and methodology as in

our previous paper20 and will not be repeated here. Instead

we will highlight differences from the previous paper.

Only studies including morbidity diagnosed subsequent

to the neonatal period are included in this report. Where

morbidity diagnosed in infancy (<1 year) was included, all

conditions are permanent (e.g. cerebral palsy) and are

assumed to be present through to childhood in survivors.

Meta-analysis was performed using composite and indi-

vidual outcome measures. When the composite outcome

measure was used, care was taken to ensure that each indi-

vidual was only counted once in each analysis. Where mul-

tiple outcomes were reported, we selected the outcome

most consistent with other studies; for example, in the

childhood morbidity analysis, hypertension was the most

commonly reported outcome therefore this was selected

primarily, followed by other components of the metabolic

syndrome.

Results

As shown in Supporting Information Figure S1, after an

initial search of 36 956 citations, we included 92 primary

articles in the overall systematic review, of which 59 con-

tained data relating birthweight standards to childhood or

adult outcomes.5,8,9,12,14,21–74 Twenty of the 59 included

were added after contact with authors who provided data

or information.12,21–40 2 600 383 individuals were included

in the analyses reported in this manuscript. Details of the

included studies are given in Supporting Information Table

S1; a list of excluded studies is available from the authors

on request. A total of 145 further articles were felt to con-

tain potentially relevant data but either the authors could

not be contacted or could not supply data to create 2 9 2

tables, or on clarification regarding the population the

study was excluded. If the population was the same but the

measure of growth restriction or adverse outcome differed,

both studies were included, but care was taken not to

include multiple studies reporting from the same popula-

tion within a single meta-analysis, or within the overall

count of the number of individuals included in the

review.39,40,43,44,48,69

The majority of studies used a population growth chart

<10th percentile (n = 21) or birthweight <2.5 kg (n = 23)

as the index test. A wide variety of outcome measures

including mortality and morbidity (e.g. hypertension, dia-

betes mellitus, learning difficulties, cerebral palsy) were

reported. For comparison, we grouped outcomes according

to age, that is, childhood and adolescent (12 months to

18 years) and adult (>18 years).

Childhood and adolescent outcomes
A Forest plot for the association of measures of low birth-

weight with childhood and adolescent outcomes is given in

Supporting Information Figure S2. Meta-analysis was per-

formed to assess the association of birthweight <2.5 kg

with a composite group of adverse outcomes reported in

primary studies (including obesity, hypertension, type 1

diabetes mellitus, asthma, hypercholesterolaemia, learning

difficulties and strabismus). There was no significant asso-

ciation present (odds ratio [OR] 0.98, 95% confidence

interval [CI] 0.87–1.10). A meta-analysis for birthweight

<10th centile on the population chart showed a small asso-

ciation that was just significant (OR 1.49, 95% CI 1.02–
2.19); however, there was significant heterogeneity present.

When limiting the composite outcome analysis to condi-

tions associated with the metabolic syndrome (obesity,

hypertension, hypercholesterolaemia) for birthweight

<2.5 kg the association remained non-significant (nine

studies OR 0.97, 95% CI 0.84–1.18, I2 = 0) and for the

population chart <10th centile the association became non-

significant (four studies OR 1.01, 95% CI 0.64–1.58,
I2 = 54). When the analysis was restricted to learning diffi-

culties or mental handicap, birthweight <3rd centile on the

population chart and <10th centile both showed a weak

but significant association. When individual outcomes were
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considered, there was no significant association between

any measure of low birthweight and childhood obesity,

hypertension, asthma, visual impairment or psychiatric

diagnosis.

Adult outcomes
A Forest plot of odds ratios for the association of measures

of fetal growth restriction and adult outcomes is given in

Figure 1. A meta-analysis was performed for the association

of birthweight <2.5 kg with a composite measure of adult

morbidity (including obesity, hypertension, hypercholeste-

rolaemia, type 2 diabetes mellitus, coronary heart disease,

and polycystic ovarian syndrome). There was no significant

association between birthweight <2.5 kg or birthweight

<10th centile on the population chart with this composite

outcome. Limiting the composite outcome analysis to con-

ditions associated with the metabolic syndrome (obesity,

hypertension, hypercholesterolaemia, coronary heart disease,

type 2 diabetes) did not change the results. When individual

morbidities were considered, birthweight <10th centile

according to the population chart was significantly associ-

ated with adult obesity in a single study (OR 1.86, 95% CI

1.20–2.88). Birthweight <2.5 kg showed a weak association

with hypertension, diabetes mellitus or impaired glucose

tolerance and cardiovascular mortality. Ponderal index (kg/

m3) <24 was also weakly associated with mortality from car-

diovascular disease. Childhood or adulthood end stage renal

disease showed a significant association with birthweight

<10th centile on the population chart.

Quality assessment
The results for the quality assessment are presented in

Table 1. The majority of included studies were of cohort

design (88%) and most were retrospective studies (58%).

Most studies were of high or moderate quality according to

our pre-specified criteria. Studies often failed to describe

adequately the test or outcome in a way that would make

them reproducible, and very few studies described any

Population chart <10th centile39 1.95 (1.46, 2.61)

End stage renal disease (childhood/adulthood)

Population chart <10th centile40 1.12 (0.92, 1.37)

Birth weight <2.9 kg61 1.25 (0.76, 2.07)

Anxiety +/– Depression

Ponderal Index (kg/m3) <2451 1.31 (1.06, 1.62)

Birth weight <2.5 kg51 1.53 (1.03, 2.29)
Cardiovascular mortality

Birth weight <2.5 kg55 1.20 (0.51, 2.85)

Diabetic retinopathy

Population chart <10th centile54,
59

3.02 (0.30, 30.98)
I2 = 65, τ 2 = 2.05

Birth weight <2.5 kg34 1.93 (1.06, 3.53)

Type II diabetes mellitus
/ impaired glucose tolerance

Birth weight < mean -2SD38 0.83 (0.25, 2.77)

Ponderal Index <24.534 1.20 (0.89, 1.63)

Birth weight <2.5 kg13,23,34 0.97 (0.58, 1.63)
I2 = 50, τ2  = 0.11, EPIa 0, 200

Hypercholesterolaemia
(Total cholesterol >5mmol/l)

Birth weight < mean -2SD41 0.13 (0.01, 2.63)

Ponderal Index (kg/m3)<24.534 1.15 (0.74, 1.79)

Population chart <10th centile54 1.44 (0.48, 4.35)

Birth weight <2.5 kg31,34 1.38 (1.14, 1.69)
I2 = 0, τ 2 = 0

Birth weight <3.1 kg9 1.73 (1.08, 2.78)

Hypertension

Birth weight < mean -2SD38 1.00 (0.19, 5.33)

Ponderal Index (kg/m3) <24.534 0.67 (0.32, 1.40)

Population chart <10th centile60 1.98 (1.23, 3.20)

Birth weight <2.5 kg36,54,67 0.94 (0.76, 1.56)
I2 = 0, τ 2  = 0

Obesity (BMI >30)

Population chart<10th centile40,
54,59,67

1.17 (0.93, 1.48)
I2 = 18, τ 2 = 0.01, EPIa 0.59,2.34

Birth weight <2.5 kg5,13,23,31,34,36 1.33 (1.00, 1.78)
I2 = 58, τ2= 0.06,EPIa 0.61,2.94

Morbidity (composite measure)

0.01 0.1 0.2 0.5 1 2 5 10 100

Odds ratio (95% confidence interval)

Definition
No. of 
individuals Odds ratio (95% CI)

No. of
studies 

Year of 
birth

6 80 029 1921 – 1980

4 16 638 1967 – 1985

3 12 198 1948 – 1979

1 851 1971 – 1985

1 932 1948 – 1954

1 70 1984 – 1986

1 438 1918 – 1930

2 9451 1948 – 1958

1 113 1975 – 1976

1 932 1948 – 1954

1 70 1984 – 1986

3 4770 1948 – 1979

1 932 1948 – 1954

1 70 1984 – 1986

1 931 1948 – 1954

2 1421 1971 – 1985

1 609 1923 – 1944

1 13 830 1924 – 1944

1 13 728 1924 – 1944

1 810 1920 – 1930

1 7415 >1967

1 1 937 768 >1967

a = estimated prediction 
interval

Figure 1. Forest plot of odds ratios for the association between birthweight standards and adult outcomes.
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interventions that were performed between the time of the

birthweight measurement and the outcome test. Where

possible, a subgroup analysis using only high quality stud-

ies was performed and the results are presented in Table 2.

Subgroup analyses
The results for subgroup analyses within the meta-analysis

groups for each age group and birthweight standard are

presented in Table 2. When childhood morbidity was

considered, there was no significant association between

birthweight <2.5 kg or the population chart <10th centile

in any of the subgroups analysed. There was a significant

association between birthweight <2.5 kg and adult morbid-

ity when high-quality studies were considered (OR 1.39,

95% CI 1.14–1.69); however, only two studies were

included in this analysis.

Predictive ability of standards of low birthweight
to predict childhood and adult outcomes
Only two measures of low birthweight met our pre-speci-

fied criteria for calculation of predictive values for child-

hood morbidity. Customised chart <1st centile had a high

specificity (0.99; 95% CI 0.97–1.00) but poor sensitivity

(0.06; 95% CI 0.04–0.11) for childhood cerebral palsy.49 A

customised chart <5th centile had a specificity of 0.90

(95% CI 0.87–0.93) and a sensitivity of 0.25 (95% CI 0.19–
0.31) for the same outcome.49 The positive likelihood ratio

was 5.6 (95% CI 2.04–15.34) for <1st centile and 2.57

(95% CI 1.78–3.72) for <5th centile. The corresponding

negative likelihood ratios were 0.95 (95% CI 0.91–0.98)
and 0.83 (95% CI 0.77–0.90).

Birthweight as a continuous variable
Seven papers reported regression analysis using birthweight

as a continuous outcome.9,12–14,26,28,47 These studies looked

at adult hypertension (age 50 and 60 years) and hypercho-

lesterolaemia, childhood obesity and hypertension, and

composite childhood metabolic risk index. Only one found

a significant association. Andersson et al.9 performed logis-

tic regression to examine the association between birth-

weight and hypertension (defined as treatment for

hypertension and/or systolic BP ≥160 mmHg and/or dia-

stolic BP >95 mmHg). At age 60, the OR was 0.96 (95%

Table 2. Subgroup analysis according to birthweight standard and outcome, where possible, for study quality, ethnicity, year of birth of study

population and singleton population

Birthweight standard No. of studies Subgroup Odds ratio

(95% CI)

Estimated

prediction

interval (EPI)

I2, s2

Childhood morbidity

Birthweight <2.5 kg 512,22,24,25,28 Singleton 0.95 (0.63–1.44) – I2 = 0, s2 = 0

Birthweight <2.5 kg 523,25,28,32,33 High quality studies 0.82 (0.63–1.07) – I2 = 0, s2 = 0

Birthweight <2.5 kg 712,24,25,26,28,32,33 Ethnicity >90%

White European

0.99 (0.68–1.44) – I2 = 0, s2 = 0

Population chart <10th centile 48,22,63,74 Singleton 1.35 (0.82–2.24) 0.15–12.24 I2 = 90, s2 = 0.20

Population chart <10th centile 822,30,45,56,62,63,66,74 High quality studies 1.65 (0.96–2.83) 0.31–8.86 I2 = 89, s2 = 0.40

Population chart <10th centile 222,30 Year of birth ≥1990 0.67 (0.35–1.31) – I2 = 76, s2 = 0.19

Population chart <10th centile 358,63,73 Ethnicity White European 1.67 (1.40–1.98) – I2 = 0, s2 = 0

Adult morbidity

Birthweight <2.5 kg 45,23,31,36 Singleton 1.41 (0.80–2.47) 0.14, 13.82 I2 = 70, s2 = 0.20

Birthweight <2.5 kg 231,34 High-quality studies 1.39 (1.14–1.69) – I2 = 0, s2 = 0

Table 1. Methodological quality of studies included in systematic

review of birthweight standards for childhood and adult outcomes

Quality item No. (%) of studies, n = 59

Yes No Unclear

Cohort study design 52 (88) 7 (12) 0

Population adequately described 59 (100) 0 0

Consecutive recruitment 21 (36) 11 (18) 27 (46)

Prospective recruitment 21 (36) 34 (58) 4 (7)

Appropriate outcome measure 59 (100) 0 0

Outcome measure blinded 10 (17) 1 (2) 48 (81)

>90% of individuals had

outcome measure

14 (24) 40 (68) 5 (8)

Index test and outcome

measure described

34 (57) 4 (7) 21 (36)

Intervention between index

test and outcome

4 (7) 0 55 (93)

Quality classification

High 28 (46) – –

Medium 24 (41) – –

Low 8 (13) – –

637ª 2015 The Authors. BJOG An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists.

Systematic review of birthweight and adverse outcomes



CI 0.92–0.99, P = 0.028 for change in risk of hypertension

per 100 g birthweight).

Direct comparison of absolute versus population
centiles
Only one study compared two birthweight standards in the

same population. For type 1 diabetes in childhood, birth-

weight <2.5 kg had an OR of 0.68 (95% CI 0.22–2.12), and
a population chart <10th centile an OR of 0.46 (95% CI

0.26–0.82).22

Publication bias
The Peters test was performed where there were ten or

more studies included in the meta-analysis (population

<10th centile and childhood morbidity and birthweight

<2.5 kg for the same outcome). There was no statistically

significant small study effect in either of the groups analy-

sed (P-value 0.326–0.996).

Discussion

Main findings
For outcomes in childhood, there was a significant associa-

tion between birthweight <10th centile according to popu-

lation chart and a composite measure of morbidity.

However, when this analysis was restricted to a singleton

population, or for metabolic outcomes, it became non-sig-

nificant. When individual measures were considered, there

was no significant association between any measure of low

birthweight and childhood obesity, hypertension or asthma.

For adult outcomes, there was no consistent association

seen between birthweight standards and adult health,

although individual studies showed a weak association

between birthweight <2.5 kg and hypertension, cardiovas-

cular mortality and diabetes. The predictive ability of cus-

tomised centile charts (<1st centile and <10th centile) for

childhood cerebral palsy was calculated. The likelihood

ratios indicated that both were poor tests.75

Our analysis for the relationship between birthweight stan-

dards and neonatal outcomes has already been published.20

Strengths and limitations
This review provides the best available evidence, at the time

of writing, regarding the association between different mea-

sures of low birthweight at term and adverse outcomes. No

other review has attempted to compare different definitions

of low birthweight to inform clinical practice. The strength

of our review and the validity of our inferences lie in the

methodology used. We have complied with existing guide-

lines for the reporting of systematic reviews of diagnostic

and observational studies.76,77 We have used the most up-

to-date techniques for performing and interpreting meta-

analysis.78–80 Every effort was made to obtain the most

complete data set possible through contact with authors

and experts in the field.

There are several limitations to our review. Although every

effort was made to control for potential confounding factors

through subgroup analysis, due to the quality and reporting

of the primary studies this was not always possible. We

strictly limited our review to infants born at 37 weeks’ gesta-

tion or more; however, the method of estimating gestation in

the primary studies was often inaccurate. Very few studies

used ultrasound measurement of crown–rump length at

10–13 weeks’ gestation, which is the most accurate

method.81 Due to poor reporting in the primary studies, our

ability to perform subgroup analysis according to ethnicity

was limited. Although our results did not differ much when

limited to a White European population, it is known that

Black African or Caribbean and Asian populations have

smaller babies, and therefore it is likely that the same thresh-

olds would not give the same results in all ethnic back-

grounds.82 We did not analyse according to social class;

however, previous epidemiological studies that have

accounted for this have found that the association between

birthweight and cardiovascular risk factors persisted across

social groups, suggesting that known and unknown con-

founding variables do not affect this relationship.83

Comparing different standards of birthweight through

analyses using different populations may not give a true

result. However, no studies reported more than two stan-

dards in the same population, and only one study com-

pared absolute birthweight and population centile charts,

in which neither showed a significant association, limiting

our ability to deal with this issue. Unfortunately, no meta-

analysis was possible for certain birthweight standards or

outcomes, for example, the ponderal index, or customised

centile charts.

With regard to the outcomes examined, we recognise

that our age categories were very broad and that the risks

and severity of the conditions differ across the life course.

However, due to the nature of the reporting in the primary

studies it was not possible to examine this further with the

data available. We did not restrict the outcomes included,

but we found that some health outcomes, such as cancer,

were poorly represented in the included studies. However,

we are confident that our searches were robust and that

nothing further could have been done to address this.

Interpretation
There is a vast literature exploring the relationship between

low birthweight and adverse outcomes, using different

methodologies to do so. Other systematic reviews per-

formed in this field using birthweight as a continuous vari-

able have shown mixed results. Owen et al.35 examined the

association between birthweight and blood cholesterol level,

and found a weak association; however, this analysis did
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not exclude pre-term infants. Huxley et al.2 found an

inverse association between birthweight and systolic blood

pressure in children, adolescents and adults, but again did

not exclude pre-term infants from the analysis. Whincup

et al. found mixed results in the relationship between type

II diabetes mellitus and birthweight. Nine of 31 studies

included in their systematic review showed a significant

inverse relationship between birthweight and this outcome

but again, prematurity was not excluded.84

The original literature published in support of the Barker

hypothesis has been criticised for failing to control for

potential confounding factors within their analysis, includ-

ing prematurity.15 We have made every effort to consider

these, and the findings with regard to childhood and adult

health outcomes linked with the metabolic syndrome have

been inconsistent. Where a composite outcome was used,

no significant association with childhood or adult morbid-

ity was seen. No significant association was present for

childhood diabetes, hypertension or obesity. Weak associa-

tions were seen between birthweight and adult hyperten-

sion, diabetes and cardiovascular mortality, but the results

are based on one or two studies.

While low birthweight is significantly associated with

neonatal mortality and morbidity,20 the associations

between all measures of low birthweight assessed and child-

hood and adult health outcomes were inconsistent. Where

a significant association was present, no single measure of

low birthweight appeared superior to the others examined

to recommend their use, and for the two standards where

sensitivity, specificity and likelihood ratios were calculated,

the predictive value was low. This highlights that current

birthweight standards are poor predictors of adverse child-

hood and adult outcomes. Considering childhood cerebral

palsy as an example: the prevalence of this condition is

1–2.4 per 1000 in children born at or near term.85 Using

the positive likelihood ratio 5.6 (for birthweight on cus-

tomized chart <1st centile to predict this outcome), the

odds of a baby with a birthweight under this centile devel-

oping cerebral palsy are 0.0024 9 5.6 = 0.013, that is, 1%.

The negative likelihood ratio is 0.95, therefore being born

above this centile does not significantly change the risk in

comparison with the background prevalence.

Future research is necessary to identify a birthweight

standard which can predict adverse health outcomes. First,

it is important to compare the different standards across

the same population to enable an unbiased comparison,

and to further explore the standards which were less fre-

quently reported. This could be performed through indi-

vidual patient data meta-analysis, where multiple

definitions of fetal growth restriction could be compared

across the same population, and factors such as ethnicity

more adequately assessed.86 Another option would be to

perform further analysis on the large Scandinavian birth

registries, which record a variety of birth anthropometry

that can be linked to health outcomes.87 If a standard with

high predictive ability is not identified, then birthweight in

combination with other factors should be explored to pre-

dict adverse outcome in clinical practice. Future research in

this field should consider and adequately report potential

confounding factors, including prematurity. The impor-

tance of improving the quality of prognosis research has

recently been highlighted.88

Conclusion

None of the current definitions of low birthweight has a

good enough predictive ability for adverse outcome to rec-

ommend their superiority in clinical practice. Although the

association between low birthweight and neonatal mortality

is strong, the association between low birthweight and

childhood and adult morbidity is inconsistent. Further

research, as outlined above, is required to identify the opti-

mum definition of low birthweight that can predict adverse

outcomes.
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Table S1. Characteristics of studies included in system-

atic review of low birthweight standards and childhood and

adult outcomes.

Figure S1. Study selection process for systematic review

of the prognostic and predictive ability of current birth-

weight standards for short and long term outcomes.

Figure S2. Forest plot of odds ratios for the association

between birthweight standards and childhood outcomes.&
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Chance or destiny?
STEVEN S WITKIN, WILLIAM J. LEDGER DISTINGUISHED PROFESSOR, USA

..................................................................................................................................................................

In the early 1980s I was a young
assistant professor of immunology
at the Sloan Kettering Institute for
Cancer Research in New York City.
My research focused primarily on
looking for evidence of retroviruses
in breast cancer, and examining
whether exposure to semen altered
immunity and susceptibility to cervi-
cal and prostate cancer. The direc-
tor of Sloan Kettering was the
prominent immunologist, Robert A.
Good, and he forcefully transmitted
to anyone within earshot the under-
lying role of immunology in disease.
Unexpectedly and suddenly, Dr
Good was fired. It very soon
became clear that anyone associ-
ated with him was also no longer
welcome. Dr Good was relocating
to a cancer institute in Oklahoma
and he asked me to join him there;
however, I felt that it was best for
me and for my young family to
remain in New York. Through my
semen studies I had developed an
association with J Michael Bedford, a
leading reproductive biologist. Dr
Bedford was a professor in the
Department of Obstetrics and
Gynecology at Cornell Medical Col-
lege, located just across the street
from Sloan Kettering. Luckily, he

had an opening in his lab and so I
became an assistant professor of
obstetrics and gynaecology. My first
years in the Bedford lab involved
studying mechanisms of immune-
mediated infertility and determining
why some women developed
antisperm antibodies.

The chairman of the department
was William J Ledger, considered by
many to be the father of modern
infectious disease in obstetrics and
gynaecology. Dr Ledger was a
founding member of the Infectious
Diseases Society for Obstetrics and
Gynaecology, and he encouraged
me to attend their annual meetings.
At that time, most of the presenta-
tions involved comparing the effi-
cacy of two different antibiotics on
various gynaecological infections,
and were not very stimulating to
me and also to Dr Ledger. He had
the foresight to propose that immu-
nological studies on women with
infections could provide new
insights into disease mechanisms
and lead to novel treatments. He
established what I believe was the
first division of immunology in a US
obstetrics and gynaecology depart-

ment, and asked me to run the
laboratory. I began to work closely
with Dr Ledger, and under his
extraordinary guidance and encour-
agement I began my education in
obstetrics and gynaecology and to
study the role of immunology, first
in gynaecological infections and later
in non-infectious disorders affecting
pregnant and non-pregnant women.

Now more than 30 years later, I
am the William J Ledger distin-
guished professor of infection and
immunology in obstetrics and
gynaecology. I have trained numer-
ous fellows from all over the world
in obstetrics and gynaecology immu-
nology, and many have made signifi-
cant contributions in this area of
investigation. If Dr Good had not
been deposed and Dr Ledger had
not seen the potential of immunol-
ogy for obstetrics and gynaecology,
my future would have been very
different and none of the contribu-
tions from my laboratory would
have seen the light of day. Was my
career path just chance or destiny?
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