Published by Oxford University Press on behalf of the International Epidemiological Association International Journal of Epidemiology 2009;38:101-109
© The Author 2008; all rights reserved. Advance Access publication 6 August 2008 doi:10.1093/ije/dyn158

A fingerprint marker from early gestation
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Fetal programming of diabetes might originate in early pregnancy
when fingerprints are permanently established. The mean derma-
toglyphic ridge count difference between fingertips 1 and 5 (‘Md15")
varies with the early prenatal environment. We hypothesized that
Md15 would be associated with adult-onset diabetes.

We obtained Md15 from 577 Dutch adults (aged 58.9 years, SD 1.1)
whose births in 1943-47 were documented in maternity records and
from 260 of their same-sex siblings for whom birth weights were
not available. Of these 837 participants, complete anthropometry
and diabetes status (from history or glucose tolerance test) were
obtained for 819.

After adjustment for age, sex, parental diabetes and adult anthro-
pometry, fingerprint Md15 was associated with prevalent diabetes
[odds ratio (OR) =1.37 per 1 SD (95% confidence interval 1.02-1.84)].
This relationship held [OR=1.40 (1.03-1.92)] for diabetic cases
restricted to those recently diagnosed (within 7 years). In the birth
series restricted to recently diagnosed cases, the mutually adjusted
ORs were 1.34 (1.00-1.79) per SD of Md15 and 0.83 (0.62-1.10) per
SD of birth weight. Further adjustments for maternal smoking, con-
ception season or prenatal famine exposure in 1944-45 did not alter
these estimates. Among 42 sibling pairs discordant for diabetes,
the diabetic sibling had higher Md15 by 3.5 (0.6-6.3) after multi-
variable adjustment.

Diabetes diagnosed at age 50+ years was associated with a fingerprint
marker established in early gestation, irrespective of birth weight.
Fingerprints may provide a useful tool to investigate prenatal devel-
opmental plasticity.

Birth weight, body weights and measures, dermatoglyphics, dia-
betes mellitus, Dutch famine, embryonic and fetal development,
Netherlands, organogenesis
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Background

Epidemiological studies suggest a role for the early-
life, non-genetic environment in the aetiology of dia-
betes. This non-genetic role may be inferred from
the associations of low birth weight,' high birth
weight*™® or season of birth”™ with subsequent dia-
betes. Birth weight data are widely available, but
birth weights bear little relationship with the circum-
stances of early gestation—the time window in which
organs are formed and metabolic potential may be
established. Birth weights tend to describe circum-
stances limited to the last trimester of pregnancy,
primarily factors associated with the late fetal deposi-
tion of subcutaneous adipose tissue.'® Birth weight
is an inadequate marker for those early gestational
factors that influence subsequent cardiometabolic
risk.""'? An easily accessible marker is needed that
describes circumstances related specifically to early
gestation.

We have recently described a quantitative character-
istic in human fingerprints that is associated with
seasonal, non-genetic aspects of the early prenatal
environment.'> Our dermatoglyphic marker describes
a contrast in the growth stimuli influencing the ante-
rior and posterior aspects of the embryonic limb bud.
Each fingertip’s ridge count (RC) reflects the early
fetal size of the fingertip’s volar pad.'* We defined a
continuous variable (Md15) as the mean RC of the
fingerprints of both thumbs (digit 1, most anterior)
minus the mean RC of both little fingers (digit 5,
most posterior). This variable is a unitless number.
The RC values on digits 1 and 5 appear to be mini-
mally related to genetic control."”” Like all features
of the human fingerprint, Md15 is permanently fixed
by the 19th week of pregnancy,'® the gestational age
described obstetrically as weeks elapsed since the
onset of the mother’s last menstrual period. There-
fore, Md15 can only reflect circumstances that were
present during or before the first half of a 40-week
pregnancy.

Diabetes may result in part from early gestational
factors such as a restricted number of embryogenic
progenitor cells in the pancreas'’ or from other-
wise insufficient early growth of beta-cell mass.'®
Constraints on pancreatic development may have a
genetic basis,'® but epigenetic?® and environmental
factors could also play a role. The endocrine pan-
creas is largely formed by gestational weeks 18-24.%"
During early fetal development, hedgehog intercellular
signalling proteins participate in the orderly differ-
entiation of the foregut from which the pancreas
is derived and developed.?*?*> These same diffusible
morphogens may have differential effects on the
embryonic relative growth of forelimb digits 1 and
5.2472% Thus, hedgehog morphogens appear to influence
embryonic development of both the pancreas and of
relative finger sizes (expressed as variation in Md15)
during the first half of pregnancy.

We examined the association between fingerprint
Md15 and diabetes in an adult study population from
western Holland. This panel of research subjects had
originally been assembled for a different primary
purpose, that is, for the investigation of how maternal
undernutrition (during the Dutch Winter Famine of
1944-45) might have affected the subsequent life
course of the offspring.?”

Methods

Population and setting

From the archived records of University Hospital in
Leiden and midwifery training schools in Amsterdam
and Rotterdam we identified for follow-up 3307 live-
born, singleton births occurring in 1943-47. These
were 2417 infants born between February 1945 and
March 1946 who were exposed to famine during some
portion of gestation and another 890 infants born in
1943 or 1947 who were unexposed to famine during
gestation. With the assistance of population registers,
we found current addresses in The Netherlands for
2300 (70%) of the identified clinic births. During
2003-05 we invited those located, together with a
same-sex sibling whenever possible, for a telephone
interview and a clinical examination at Leiden
University Medical Center. Our study rationale, recruit-
ment procedures and yields for the selected, traced
births and the siblings (Figure 1) have been previ-
ously described.?”?® Study protocols were approved
by human subjects committees of Columbia University
and the collaborating Dutch institutions. All 971
participants in the clinical exam provided verbal
consent at the start of their telephone interviews and
written informed consent at the start of their exam-
ination visit.

For all the traced clinic births, we used the date of
the mother’s last menstrual period as noted in the
original prenatal record to define the start of gestation
unless this date was missing or implausible (12.4%).
For these instances, we inferred the last menstrual
date from the date of birth, an estimate of the
gestational age recorded at birth and from gestational
age estimates based on sex-, parity- and gestation-
specific singleton birth weights established from a
contemporaneous Dutch population.” We assumed
exposure to the 24-week Dutch Winter Famine dur-
ing the first 20 weeks of gestation for those partici-
pants (55%) whose mother’s last period occurred
between July 9, 1944 and May 26, 1945.%” Consistent
with the seasonal periodicity we previously reported
for values of Md15,"> last menstrual dates occur-
ring between January 12 and April 12 of any year
(17.9% of the selected births) were designated as
late-winter conceptions; last menstrual dates occur-
ring between July 13 and October 11 of any year
(24.9%) were designated as late-summer conceptions.
The delivery records provided a birth weight for all
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Selected clinic births from
1943-1947 traced to current
addresses in The Netherlands
(N =2300)

Traced clinic births who
came for examination
(N =658)

Participants with fingerprint Md15
(N =577)
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Same-sex siblings of traced clinic
births who came for examination
(no birth records available)

(N =2313)

Participants with fingerprint Md15
(N =260)

Complete data for fingerprint Md15,
diabetes status, and anthropometry

(N=819)
90 had diabetes diagnosed 0-7 years ago

19 had diabetes diagnosed 9-35 years ago
710 were without diabetes

[Full analyses]

A 4

A 4

Complete diabetes, anthropometry,
and birth weight data (N = 563)

67 had diabetes 0-7 years
16 had diabetes 9-35 years
480 were without diabetes

[Analyses with birth weight variable]

Complete exam data from 42 sibling pairs
who were discordant for diabetes (N = 84)

38 had diabetes 0-6 years
4 had diabetes 10—26 years
42 were without diabetes

[Analyses of sib pairs]

Figure 1 Origin of 819 participants in the full analyses, 563 in analyses with the birth weight variable and 84 who were in

sibling pairs discordant for diabetes

but one traced birth. For participants recruited as
same-sex siblings of our clinic population we had no
documented information about their mother’s last
menstrual date or their birth weights. During scripted
interviews, 24% of participants reported having at least
one parent with diabetes. Based on the question ‘Did
your mother smoke when you were a young child?’,
we characterized 20% of the participants as probably
exposed to maternal smoking during gestation.

Clinical assessment

Fingertip RCs were obtained from ink-and-paper,
rolled fingerprints. In accordance with standard
dermatoglyphic practice, the RC for fingertips with a
loop pattern equalled the number of ridges (range 1
to approximately 40) that intersected or touched a
straight line drawn from the core of the loop to the
delta (‘triradius’) point located on the radial or ulnar
aspect of the finger; fingers with an arch pattern were



104 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

assigned a RC of zero (see Figure 2 for fingerprint
examples).’>>! For fingertips with whorls or double
loops, we applied a summary RC formula that
included half-unit values for those ridges located
between the core and a second delta point or between
multiple cores.'” All ridge counting was performed by
one co-investigator (M.G.) who was blinded to the
diabetic and anthropometric status of the participants.
Among participants who provided adequate finger-
print images from both hands, the RCs for homo-
logous fingers were highly correlated (r~0.8), but
they tended to be higher on the right hand than the
left. Consistent with the greater size of male fetuses
in early pregnancy,’” the mean RCs for thumbs and
little fingers were higher among men than women
(P <0.001). From the assessments of paired fingertips
we estimated sex-specific, digit-specific average incre-
ments of RC values between homologous fingers of
the right and left hands. Where a fingertip RC was
unavailable for one side or the other, we used these
average RC increments to provide homologous sub-
stitution values that were empirically defined for the
missing RCs."”> We thereby obtained right and left
RC values for 910 persons (digit 1) and 850 persons
(digit 5). With these homologous substitution values
we could compute Md15 for 837 participants.
Because of our focus on an aetiologic pathway that
might be independent of diabetes risk factors operat-
ing in the late-gestational or postnatal time windows
we controlled for adult anthropometric dimensions
that commonly precede glucose intolerance: waist
circumference,”?*7 thigh circumference’®>” and leg
length.>**° Standing height was measured to the
nearest 0.1 cm with a stadiometer, and trunk height
(including the head and neck) was obtained from
sitting height using the same stadiometer. We calcu-
lated leg length as the difference between standing
height and trunk height. Circumferences of the waist
(standing, at the level of iliac crest, intersection with

Figure 2 Examples of common fingerprint patterns and
the determination of summary RCs. (A) A minority of
fingertips reveals an ‘arch’ pattern with neither a core nor
a delta point (example RC =0, suggests a very small volar
pad). (B) Most fingertips show a ‘loop” pattern containing
one core and one delta point (example RC=13, an average
volar pad). (C) Also fairly common is the ‘whorl” pattern
with one core and two delta points (example summary
RC =21 [i.e. 174 (2 x 8)], a large volar pad) and the
‘double loop’” pattern with two cores and two delta points
(not shown). (Source: Holt SB. Br Med Bull 1961;17:247-50)

midaxillary line) and right midthigh (supine, with
hip flexed at 45°) were measured in duplicate to the
nearest 0.1 cm with non-extendible tapes. If the cir-
cumference measurements at each site were not
within 1 cm of each other, third and fourth measure-
ments were taken and the three measurements that
were closest together averaged.

The presence of diabetes was established by the ini-
tial telephone interview for 62 participants (6.4%, all
of whom stated that their diagnosis was made by
a physician). For another 69 participants (7.1%) dia-
betes was diagnosed by a 75-gm oral glucose tole-
rance test with either a fasting glucose concentration
>7.0mmol/l or a 2-h concentration >11.1 mmol/lL.
Glucose was assayed in promptly separated serum by
the hexokinase reaction on a Modular P800 (Roche,
Boehringer Mannheim, Germany); the interassay
coefficient of variation was 1.3-1.8%. Among those
participants who reported in their interview being free
of diabetes, 15 did not complete their glucose tole-
rance test and were omitted from analyses.

Statistical analysis

Among 819 participants with complete examina-
tion data (Figure 1) we tested associations with dia-
betes using the GENMOD procedure with a linked
logit function in SAS software (Release 9.1, SAS
Institute, Cary, NC, USA). We adjusted for correla-
tions within the same-sex sibling pairs. To assess the
relative strengths of the associations of Md15 (our
early-gestational marker) and birth weight (the con-
ventional late-gestational marker) with diabetes we
used the LOGISTIC procedure in models that excluded
siblings because they lacked information on birth
weight. In these models we standardized the contin-
uous variables (with means and SDs calculated from
only the traced births) so that their coefficients would
be dimensionless and directly comparable.

We identified 227 pairs of same-sex siblings in
which both members of the pair had Mdl5 values,
established diabetes status and complete anthro-
pometry. Among the 42 pairs that were discordant
for diabetes we used the REG procedure to compare
Md15 of the diabetic sibling with the non-diabetic
sibling, adjusted for age and adult anthropometry.

In exploratory analyses, we divided the diabetic
participants into two subgroups distinguished by the
duration of their disease: relatively short (0-7 years,
mean duration 1.4 years; mean diagnostic age 57
years, range 50-64 years) and long (9-35 years, mean
duration 17 years; mean diagnostic age 42 years,
range 24-53 years). This division was prompted
by our concern that long-time survivors of diabetes
might have different disease characteristics from
diabetic cases whose disease had been recently diag-
nosed. We thereby addressed the potentials for survi-
vorship bias and for distinct diabetic typologies. The
choice of a cut point, while somewhat arbitrary, was
suggested by a recent report showing an increased
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hazard of death commencing ~8 years after diag-
nosis among diabetic patients with abnormal birth
weights.*' The 8-year cut point was also consistent
with a natural break in the distribution of disease
durations among diabetic cases who had Md15 values
and complete anthropometry.

Results

Demographic characteristics and study outcomes for
the traced births and their siblings are presented in
Table 1. Fingerprint Md15 had a mean value of 6.6
(SD 7.4) and a range from —20.0 (a non-diabetic
man) to +28.6 (a man recently diagnosed with
diabetes). Md15 and the mean RCs for each finger
were similar when comparing the participants whose
gestations occurred within and outside the wartime
famine interval."

With adjustments only for age and sex, Md15 (per
increment of 10) had an odds ratio (OR) for identi-
fying prevalent diabetes of 1.22 (95% CI 0.93-1.59)
(Table 2, Model 1). With subsequent adjustments for
parental diabetes and for adult anthropometry the OR
was 1.26 and 1.37 (95% CI 1.02-1.84) (Table 2, Models
2 and 3). There was no interaction (P>0.9) between
the terms for Md15 and sex. A quadratic term in Md15
was not significant (P>0.5), suggesting a linear rela-
tion of Md15 to diabetes. The association persisted
[OR=1.40 (95% CI 1.03-1.92)] in the subgroup of the
90 diabetes cases of short duration (diagnosed <8 years
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ago; model not shown). For the 19 cases with disease
duration 9-35 years the OR for the association of
Md15 with diabetes was 1.34 (95% CI 0.67-2.66);
P>0.4, model not shown.

To address the simultaneous contributions of
Md15 and birth weight toward predicting diabetes,
we restricted analyses to the traced clinic births. In this
model with 83 diabetic cases and 480 non-diabetic
participants, siblings were necessarily excluded because
they had no birth weight information. With adjustment
for sex, having a diabetic parent, and three anthro-
pometric dimensions, the ORs for diabetes were 1.24
(95% CI 0.95-1.61) per SD of Md15 and 0.89 (95% CI
0.68-1.15) per SD of birth weight.

In the subgroup of the 67 diabetic cases of short
duration (diagnosed <8 years ago) the ORs for dia-
betes were 1.34 (95% CI 1.00-1.79) per SD of Md15
and 0.83 (95% CI 0.62—1.10) per SD of birth weight
(Figure 3). For the 16 diabetic cases with disease
duration of 9-35 years, the ORs were 0.95 (95% CI
0.53-1.69) per SD of Md15 and 1.20 (95% CI 0.70-2.04)
per SD of birth weight. For this long-duration diabetic
subgroup, in contrast to the short-duration subgroup
presented in Figure 3, there were stronger associa-
tions with having a diabetic parent [OR=7.81 (95% CI
2.58-23.6)] and with leg length [OR=0.36 (95% CI
0.17-0.77) per SD of leg length]. In these models,
additional adjustments for maternal smoking, season
of conception, exposure to wartime famine or age
(range 55.7-65.1 years among the clinic births) did not
alter the OR estimates for Md15 or birth weight.

Table 1 Characteristics of the Dutch adults examined in 2003-2005

All participants,
including siblings

Clinic births 194347,
excluding siblings®

Mean or categorical

Mean or categorical

Variable N distribution SD N distribution SD

Age (years) 971 58.4 3.8 658 58.9 1.1

Sex (men/women) 971 437/534 - 658 304/354 -

Birth weight (kg) (available only for birth sample) 657 3.368 0.510

Fingerprint Md15 837 6.6 74 577 6.9 7.3

Waist circumference (cm) 970 98.0 11.5 657 98.8 11.6

Midthigh circumference (cm) 969 52.3 5.1 657 52.4 5.2

Leg length (cm) 966 81.6 54 654 81.5 5.4

Diabetes (yes/no/unknown) 971 131/825/15 - 658 95/550/13 -

Years since diabetes diagnosis 131 71/38/22 - 95 44/33/18 -
(<1/1-7/8-35)

Parent with diabetes (yes/no 971 233/738 - 658 159/499 -
or unknown)

Gestational smoking exposure 971 196/775 - 658 137/521 -
(yes/no or unknown)

Early fetal famine exposure 971 365/606 658 365/293 -
(yes/no)

Season of mother’s last menstrual (available only for birth sample) 658 118/164/376 -

period (late winter/late summer/other)

“No birth records are available for siblings.
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Table 2 Odds ratios (ORs) from logistic regression models for the identification of prevalent diabetic cases (7 =109) among
all participants (n=23819) with values for fingerprint Md15, waist circumference, midthigh circumference and leg length

Model 1 Model 2 Model 3
Variable OR 95% CI P OR 95% CI P OR 95% CI P
Md15 (10 units of 122 (0.93-1.59) 0.14 126 (0.97-1.65) 0.088 137 (1.02-1.84) 0.037
RC difference)
Age (year) 1.09  (1.03-1.16) 0.002 1.10 (1.03-1.17) 0.002 1.08 (1.02-1.15) 0.012
Female sex 0.68 (0.45-1.03) 0.068 0.62 (0.40-0.97) 0.035 0.50 (0.29-0.88) 0.016
Diabetic parent - 248 (1.57-3.91) <0.001 2.19 (1.39-3.45) <0.001
Waist circumference (cm) - - 1.08 (1.06-1.11) <0.001
Midthigh circumference (cm) - - 0.93  (0.88-0.98) 0.004
Leg length (cm) - - 091 (0.87-0.96) 0.001
Discussion

Standardized ORs (95% Cl)

0.1

Fingerprint Birth weight Female sex Diabetic Waist circumf. Midthigh Leg length
parent circumf.

Figure 3 Mutually adjusted ORs (95% CI) for diabetes
per SD of Md15, birth weight, waist circumference,
midthigh circumference and leg length as well as sex

and parental diabetes in a birth sample examined at age
58.9 years (SD 1.1). The logistic regression model includes
67 cases whose diabetes was diagnosed <8 years ago and
480 participants free of diabetes. (Siblings were excluded
from this model because they lacked birth weight
documentation)

Among the 42 sibling pairs who were discordant
for disease status the sibling with diabetes was older
by a mean 3.4 years (SD 6.5). With adjustment for
the within-sibship differences in age, the diabetic
sibling had a larger value of Md15 by 2.8 (95% CI
—0.1 to +5.7). If we restricted the analysis to diabetes
cases of short duration, the 38 diabetic siblings had
a larger value of Md15 by 3.4 (95% CI 0.3-6.5). With
further adjustments for within-sibship differences in
waist circumference, midthigh circumference and leg
length, the 42 diabetic siblings had a larger Md15 by
3.5 (95% CI 0.6-6.3). Restricted to diabetes cases of
short duration, the 38 diabetic siblings had a larger
value of Md15 by 3.4 (95% CI 0.3-6.5).

In sex-adjusted correlational analyses, Md15 was
not significantly associated with birth weight (P>0.5)
or with any of the anthropometric dimensions used
in our models (P>0.1).

We here provide evidence that diabetes diagnosed in
adulthood is associated with a quantitative fingerprint
characteristic known to be fixed in early pregnancy.
Our earlier work demonstrated that the Md15 char-
acteristic was related to the intrauterine environment
during early gestation or the periconceptional circum-
stances of perhaps either parent.” In this study of the
association between Md15 and diabetes, we adjusted
initially for correlations within sibling pairs, age and
sex. We then further controlled for a diabetes risk
factor associated with genetic circumstances before
conception (having a diabetic parent) and for risk
factors likely to reflect circumstances of late gestation
or postnatal life (waist circumference, midthigh cir-
cumference and leg length). In this way our fully
controlled analysis (Model 3 in Table 2) presented
the clearest quantitative estimate of how Md15
might represent the developmental influences operat-
ing exclusively or primarily in an early gestational
time window. Among these adult study participants
those with higher values of Md15 were more likely to
have diabetes. In a subset analysis restricted to same-
sex sibling pairs who were discordant for diabetes
status we also found that the diabetic sibling had a
larger Md15 compared with the non-diabetic sibling.

One may think of Md15 as a permanent, derma-
toglyphic marker of fetal morphogenic activity that
occurs within an early gestational time window. This
early morphogenic activity has plausible relevance to
pancreatic development and perhaps to other factors
that precede diabetes.

It is worth noting that severe maternal undernutrition
in early pregnancy appears not to decrease offspring
birth weight.** Nevertheless, some environmental fea-
ture during an early gestational time window may
influence the offspring’s developmental plasticity,*’
and it may lead to ‘functional teratogenesis’ through
pathophysiological mechanisms yet unknown.** If the
association between a permanent fingerprint character-
istic and diabetes can be confirmed in other popula-
tions, then fingerprints could be employed at any age
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to enhance aetiologic investigations of diabetes or
possibly to improve the prediction of diabetes before
its clinical diagnosis.

Our study’s traced births benefited from high qual-
ity prenatal and delivery data preserved in a clinical
archive, but maternity records of that era did not
systematically collect information regarding gestational
diabetes or parental habits such as smoking or diet. The
generalizability of our study results may be limited
by the narrow range of the participants’ race—ethnicity
and age, and by the fact that our selected births
included many pregnancies occurring in an unusual
circumstance of urban famine.

In this study of older adults, the association of Md15
with prevalent diabetes persisted in the subgroup of
cases with short-duration disease. These patients were
initially diagnosed at the age of 50 years or more, and
we therefore feel most confident that they represent
the conventional category of type 2 diabetes. These
older-onset cases are of special interest to us as they
would likely be similar to diabetes cases shown else-
where to be associated with reduced birth weight.'”
Other categories such as type 1 diabetes or maturity-
onset diabetes of the young may have been included
in the small subgroup of diabetic cases with disease
duration longer than 7 years, but we have neither
immunologic nor genetic evidence to confirm these
typological classifications. The available numbers in
this long-duration subgroup were too small, we feel, for
separate comparisons. Analyses of the long-duration
cases could also have been subject to survivorship
bias, especially if there was excess mortality specific
to diabetic patients who were born after abnormal
gestations.*!
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These epidemiologic findings do not establish the
prenatal mechanisms that underlie RC differences
between fingers, nor do they explain with certainty
how fingerprint Md15 might be related to a diabetes
diagnosis that occurs decades after birth. It is unlikely
that Md15 represents a purely genetic expression,
since Md15 was associated with the calendar season
of conception.'” Learning the environmental details
and the precise time windows that influence Mdl15
might bring a new understanding of early prenatal
plasticity as it applies to organ growth and tissue
metabolism. The ultimate benefit could be improved
strategies for the primary prevention of adult diabetes.

Acknowledgements

We thank the Vroedvrouwenscholen of Amsterdam
and Rotterdam and Leiden University Medical Center
for access to their archives. Patient tracing and
follow-up were carried out at TNO-Quality of Life,
Leiden, The Netherlands (Dr Karin M. van der Pal-de
Bruin). Clinical examinations were carried out at the
Study Center of Gerontology & Geriatrics, Leiden
University Medical Center under the supervision of
Ms Liesbeth de Man. The findings and conclusions
in this report are those of the authors and do not
necessarily represent the views of the Centers for
Disease Control and Prevention. This study was
supported by National Institutes of Health
(HL067914 to L.H.L.)

Conflicts of interest: None declared.

KEY MESSAGES

programming.

with diabetes at age ~58 years.

e Aspects of developmental plasticity are likely to be operating in early gestation.

e Fingerprints—permanent features that are established before the midpoint of a normal pregnancy—
may carry information associated with early fetal variations in organ anatomy or metabolic

e A quantitative fingerprint marker (the ridge-count contrast between digits 1 and 5) was associated

e Fingerprints obtained at any age may facilitate research into early fetal metabolic programming or
contribute to the prediction of diabetes in later adulthood.
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