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Summary. Two follow-up studies were carried out to deter-
mine whether lower birthweight is related to the occurrence
of syndrome X - Type 2 (non-insulin-dependent) diabetes
mellitus, hypertension and hyperlipidaemia. The first study
included 407 men born in Hertfordshire, England between
1920 and 1930 whose weights at birth and at 1 year of age had
been recorded by health visitors. The second study included
266 men and women born in Preston, UK, between 1935 and
1943 whose size at birth had been measured in detail. The
prevalence of syndrome X fell progressively in both men and
women, from those who had the lowest to those who had the
highest birthweights. Of 64-year-old men whose birthweights
were 2.95 kg (6.5 pounds) or less, 22% had syndrome X.
Their risk of developing syndrome X was more than 10 times
greater than that of men whose birthweights were more than

4.31 kg (9.5 pounds). The association between syndrome X
and low birthweight was independent of duration of gesta-
tion and of possible confounding variables including ciga-
rette smoking, alcohol consumption and social class current-
ly or at birth. In addition to low birthweight, subjects with
syndrome X had small head circumference and low ponderal
index at birth, and low weight and below-average dental
eruption at 1 year of age. Itis concluded that Type 2 diabetes
and hypertension have a common origin in sub-optimal
development in utero, and that syndrome X should perhaps
be re-named “the small-baby syndrome”.
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fetal growth.

A recent study showed that lower birthweight and weight
at 1 year of age are associated with the subsequent devel-
opment of Type 2 (non-insulin-dependent) diabetes mel-
litus in adult life [1]. Among 370 men aged 64 years living
in the county of Hertfordshire, UK, the percentage who
had either Type 2 diabetes or impaired glucose tolerance
fell progressively from 40 % in those whose birthweight
was 2.5 kg (5.5 pounds) or less, to 14% in those whose
birthweight was4.31 kg (9.5 pounds) or more. There were
similar strong trends with weight at 1 year of age. These
trends are interpreted as the long-term effects of nutri-
tional and other factors which reduce fetal and infant
growth and impair the development of the endocrine pan-
creas. This conclusion was strengthened by the recent
finding that 30-min plasma glucose concentrations were
inversely related to birthweight in 21-year-old men [2].
Hypertension is also associated with reduced fetal
growth. Studies of men and women aged 36, 50 and
64 years have shown that systolic and diastolic pressures
are lower in people who had higher birthweight [3-5].
These associations are independent of duration of gesta-
tion. Blood pressure is not, however, related to weight at

1 year of age independent of birthweight [5]. These trends
are interpreted as the long-term effects of intra-uterine
changes in blood vessel development.

Type 2 diabetes and hypertension tend to occur in the
same patients [6-10]. Patients with both disorders often
bave other abnormalities, including high plasma insulin
concentrations, high serum triglyceride concentrations,
low serum HDL concentrations and high body mass in-
dices and waist to hip ratios. This combination of abnor-
malities has been called syndrome X [8] and is associated
with increased mortality from ischaemic heart disease
[11]. The suggested explanation for syndrome X is that the
primary defect is insulin resistance and consequent hyper-
insulinaemia [7-9, 12]. The association of both Type 2
diabetes and hypertension with reduced fetal growth has,
however, raised the possibility that these and other com-
ponents of syndrome X may have a common origin in sub-
optimal development at a particular stage of intra-uterine

life [1, 13].

We have analysed the occurrence of syndrome X in
men aged 64 years living in Hertfordshire to determine its
relation to birthweight and weight at 1 year of age. We
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have also carried out glucose tolerance tests on a sample
of men and women aged 50 years living in Preston (Lanca-
shire, UK). Measurements recorded at birth in Preston
were more detailed than those in Hertfordshire where
only birthweight was measured. The Preston data include
duration of gestation and therefore allow the effects of re-
duced fetal growth and premature birth to be distin-
guished. They also include head size and length at birth,
which give an insight into the timing of fetal growth retar-
dation during gestation.

Subjects and methods

Hertfordshire

In Hertfordshire from 1911 onwards, each birth was recorded by the
attending midwife. A health visitor saw the child at home peri-
odically throughout infancy. She recorded birthweight, weight at
1 year of age and number of teeth at 1 year of age. Weights were
measured in pounds (1 pound = 0.45 kg) and were often rounded to
the nearest half pound or pound. We have traced singleton boys born
in East Hertfordshire between 1920 and 1930, for whom both birth-
weight and weight at 1 year of age were recorded. We were able toes-
tablish that 1157 of the men still lived there. Of these, 845 agreed to
be interviewed at home and were visited by one of four trained field-
workers [14]. The fieldworker had not seen the subject’s birth data.
Height was measured with a portable stadiometer and weight with a
portable Seca scale. The waist circumference and hip girth were
measured. Blood pressure was measured with an automated re-
corder (Dinamap Model 18465X; Critikon, Tampa, Fla., USA) with
the subject seated. Readings were taken on the left arm using the cuff
size recommended for the arm circumference. Two readings were
taken and the average used in the analysis. The subject was asked
about his social history, smoking and drinking habits. Alcohol con-
sumption was converted to the total number of units each week
(1 unit = 10 m! ethanol}. The father’s occupation was used to define
social class at birth and current social class was derived from the sub-
ject’s occupation. Before starting the study the procedures for the
measurements were standardised.

After the interview the subjects were asked to come to a local
clinic, following an overnight fast, to have a blood sample taken. Of
the 468 subjects who complied, 408 agreed to have a 75-g oral glu-
cose tolerance test. Subjects who stated at interview that they had
diabetes were not included in the study. Measurements on the blood
samples inclnded plasma glucose and insulin concentrations at 0, 30
and 120 min and proinsulin and 32-33 split proinsulin concentra-
tions at baseline. Our previous report was based on the 370 men who
had complete measurements on all samples. This report is based on
408 men who had a glucose tolerance test but incomplete measure-
ments on some samples. All had their 2-h plasma glucose concentra-
tions measured. Plasma glucose was measured by a hexokinase
method [15]. Plasma insulin, proinsulin and 32-33 split proinsulin
concentrations were determined by two-site immunometric assays
with either '®I or alkaline phosphatase as labels [16, 17]. The insulin
assay was standardised against the first International Reference
Preparation coded 66/304 and the intact and 32-33 split proinsulin
assays against standards obtained from Lilly Research Laboratories
(Indianapolis, Ind., USA).

The fasting blood samples were also analysed for serum trigly-
cerides, total cholesterol, HDL-cholesterol, apolipoproteins Al and
B, plasminogen activator inhibitor antigen, fibrinogen and fac-
tor VII. Serum triglycerides, total cholesterol and HDL.-cholesterol
were measured on the RA 1000 (Bayer Diagnostics, Basingstoke,
UK), using standard enzymatic methods [18-21]. Interassay coeffi-
cients of variation for these assays were in the range 1.7% t02.7%.
LDL-cholesterol was derived using the Friedwald-Fredrickson for-
mula [22]. Apolipoproteins Al and B were measured by immuno-
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turbidimetric assays on the RA 1000, with interassay coefficients of
variation of less than 5% [23]. Plasma plasminogen activator inhibi-
tor antigen was measured by an enzyme immunoassay (Immulyse;
Porton Products, Cambridge, UK). Plasma plasminogen activator
inhibitor activity was measured by a two-stage indirect enzymatic
assay {Spectrolyse; Porton Products). Thrombin-clottable fibri-
nogen was measured by the Clauss method, using an electrical im-
pedance end-point [24]. Factor VII was measured by a one-stage
assay using a bovine deficient plasma and rabbit brain thromboplas-
tin [25]. The fasting lipids of one subject were not analysed and
results are therefore presented for 407 subjects.

Preston

In Preston a standardised record form was kept for each woman ad-
mitted to the maternity ward at Sharoe Green Hospital between
1935 and 1943. The record included the date of the mother’s last
menstrual period and the baby’s birthweight, placental weight,
length from crown to heel, and head circumference. Weights were
measured in pounds (1 pound =0.45 kg) and lengths and head cir-
cumferences in inches (1 inch = 2.54 cm). _

Of the singleton infants born during the period 1935-1943,
503 still live in Lancashire. In a previous study 449 of them were
interviewed at home by one of three fieldworkers. Height, weight,
waist circumference, hip girth and blood pressure were recorded as
in the Hertfordshire study, and the results have been previously
reported [4]. Social class was defined in the same way as in the
Hertfordshire study. :

After the interview the 393 men and women who lived in or close
to Preston were asked to come to Sharoe Green Hospital in the
morning following an overnight fast and to have a blood sample
taken. Of those asked 281 complied, and 266 (68 % ) agreed to have
a 75-g oral glucose tolerance test. Samples were analysed using the
same methods as in the Hertfordshire study.

Statistical analysis

The measurements of glucose, insulin, proinsulin, 32-33 split pro-
insulin, triglycerides, apolipoproteins Al and B, plasminogen acti-
vator inhibitor, fibrinogen and factor VII have skewed distributions,
and we therefore transformed them in the analysis by using loga-
rithms. Multiple linear and logistic regression were used to analyse
the data and to make adjustments for sex in the Preston data.

Results
Hertfordshire

The ages of the 407 men in Hertfordshire ranged from 59
to 70 years, with a mean of 64 years. As reported pre-
viously, those with higher birthweights had lower 2-h plas-
ma glucose and insulin concentrations, and lower systolic
and diastolic pressures [1, 5]. Syndrome X was identified
in 56 of the men using the following criteria: a 2-h plasma
glucose concentration of 7.8 mmol/l or more, a systolic
blood pressure of 160 mmHg or more (or, for five sub-
jects, current antihypertensive treatment), and a fasting
serum triglyceride concentration equal to or above the
median value of 1.4 mmol/l. We compared mean body
size, currently, at birth and at 1 year of age, with that of the
other men in this study (Table 1). Men with syndrome X
were of similar height but were heavier and had a higher
BMI and waist to hip ratio. In contrast their birthweights
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Table 1. Mean body size, currently, at birth and at 1 year of age in men with syndrome X and the other men in the Hertfordshire study

Syndrome X Other men Difference (95 % p-value

(n =56) (n =351) confidence interval)
Height (m) 171 1.72 ~0.01 (~0.03t00.01) 0.22
Weight (kg) 84 78 59(2.7t09.1) 0.0004
BMI (kg/m?) 289 265 2.3 (1.4103.3) <0.0001
Waist to hip ratio (%) 95.7 93.3 24(09t03.9) 0.002
Birthweight (kg) 34 3.6 -02(-04to ~0.1) 0.004
Weightat 1 year of age (kg) 9.9 103 -04(-07to -0.1) 0.02
Number of teeth at 1 year of age 6.0 6.9 -09(-1.6t0 —0.1) 0.02

Table 2. Percentages of men in the Hertfordshire study with syn-
drome X according to birthweight

Birthweight Total Number (%)  Oddsratio®

(kg) number with (95 % confidence
of men syndrome X interval)

<250 20 6 (30) 18 (2.6t0118)

—-2.95 54 10 (19) 8.4 (1.5t049)

-341 114 19 (17) 8.5 (1.5t0 46)

—-3.86 123 15 (12) 4.9(0.91t027)

-4.31 64 4(6) 22(03t014)

>4.31 32 2 (6) 1.0

Total 407 56 (14)

# Odds ratio adjusted for BMI (y? for trend = 16.0, p <0.001)

Table 3." Mean values of plasma insulin, proinsulin, serum lipids,
plasminogen activator inhibitor, fibrinogen and factor VIIin men in
Hertfordshire with syndrome X

Syndrome X Othermen p-value?

(n =56) (n =351)

2-h insulin (pmol/l) 331 136 <0.0001
Fasting proinsulin (pmol/1) 51 2.7 <0.0001
Fasting 32-33 split proinsulin

(pmol/) 55 2.8 <0.0001
Cholesterol (mmol/1) 6.9 6.6 0.09
LDL-cholesterol (mmol/l) 4.8 47 0.52
HDL-cholesterol (mmol/l) 1.08 1.24 0.004
Apolipoprotein A1 (g/1) 1.26 1.30 0.35
Apolipoprotein B (g/1) 1.25 1.07 0.0003
Plasminogen activator

inhibitor antigen (ng/ml) 41 22 <0.0001
Plasminogen activator

inhibitor activity (au/ml) 15 83 0.0001
Fibrinogen (g/1) 3.19 3.03 0.11
Factor VII (% standard) 116 107 0.08
2 Adjusted for BMI

and weights at one year were lower, and they had fewer
erupted teeth at 1 year of age.

Table 2 shows that the percentage of men with syn-
drome X fell progressively from 30% in those whose
birthweight was 2.5 kg (5.5 pounds) or less, to 6 % in those
whose birthweight was more than 4.31 kg (9.5 pounds).
The corresponding odds ratios, adjusted for BMI, fell
from 18 to 1. The odds ratio for the two lowest birthweight
groups combined, that is all men who weighed 2.95 kg

(6.5 pounds) or less, was 10.5 (95% confidence interval
1.9 to 58).

Table 3 shows that biochemical measurements of the
56 men corresponded to those described for syndrome X
[8]. When compared with the other men they had higher
2-h plasma insulin concentrations and lower HDL-choles-
terol concentrations. They also had raised fasting pro-
insulin and 32-33 split proinsulin concentrations, and
raised apolipoprotein B and plasminogen activator in-
hibitor concentrations.

Preston

The ages of the 266 men and women in the Preston study
ranged from 46 to 54 years, with a mean of 50 years. Using
the same criteria for definition of syndrome X as in Hert-
fordshire, 10 cases were identified in the Preston sample.
The percentage of men and women with the syndrome fell
progressively from 10 in those whose birthweight was
2.5 kg (5.5 pounds) or less, to 1 in those whose birthweight
was more than 3.41 kg (7.5 pounds). Because the subjects
studied in Preston are younger than those in Hertford-
shire, and because blood pressure increases with age, we
lowered the defining level of systolic blood pressure from
160 to 150 mmHg. This defined a group of 17 people,
10 men and 7 women, who had impaired glucose toler-
ance or diabetes, hypertension and a serum triglyceride
concentration equal to or above the median value of
1.0 mmol/l for men and 1.3 mmol/l for women. Table 4
shows their biochemical measurements.

In order to compare this group’s body size, currently
and at birth, with that of the other men and women in the
study, it was necessary to adjust for the unequal numbers
of men and women. Table 5 shows the adjusted differen-
ces between their measurements and those of the other
subjects. Men and women with syndrome X were shorter
in stature but had higher BMI and waist to hip ratios. This
was found when each sex was separately analysed. Men
and women also had lower birthweights. Their duration of
gestation was 9.7 days less, but even allowing for this their
birthweight remained significantly lower (p = 0.03). They
had smaller head circumferences and lower ponderal in-
dices at birth. There was no difference in their mean
placental weight or length at birth. A lower birthweight,
head circumference and ponderal index at birth was found
in both men and women with syndrome X.

Table 6 shows that the percentage of men and women
with syndrome X fell progressively from 13 % in those
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Table 4. Mean values of plasma insulin, proinsulin, serum lipids,
plasminogen activator inhibitor, fibrinogen and factor VII in men
and women with syndrome X in the Preston study

Syndrome X Other p-value?
(n=17) subjects
(n =249)
2-h insulin (pmol/1) 354 152 <0.001
Fasting proinsulin (pmol/l) 5.5 31 0.005
Fasting 32-33 split proinsulin 2.4 15 0.01
(pmoll)
Cholesterol (mmol/1) 6.9 6.5 0.21
LDL-cholesterol (mmol/l) 4.7 4.4 0.33
HDL-cholesterol (mmol/l) 12 14 0.11
Apolipoprotein Al (g/) 13 13 0.8
Apolipoprotein B (g/1) 13 1.0 0.02
Plasminogen activator )
inhibitor antigen (ng/ml) 26 15 0.07
Plasminogen activator
inhibitor activity (au/ml) 17 12 0.19
Fibrinogen (g/) 312 291 04
Factor VII (% standard) 122 111 0.3
* Adjusted for sex and BMI

Table 5. Difference in mean body size, currently and at birth, be-
tween men and women with syndrome X and all other men and
women in the Preston study

Difference (95 % p-value®

confidence interval)
Height (m) ~0.05(-0.08t0 —0.02) 0.002
Weight (kg) 40(-1.7t09.7) 0.17
BMI (kg/m?) 3.1(12t05.1) 0.002
Waist to hip ratio (%) 59(2.6t09.3) 0.0007
Birthweight (kg) -04 (-07to -0.1)  0.003
Placental weight (kg) -0.03 (-0.11t0 0.04) 04

Head circumference at birth (cm) —-1.5(-24to —0.6) 0.001

Length at birth (cm) -0.8(-21t00.6) 03
Ponderal index at birth -2.0(-35to0 -0.5) 0.01
1000 x birthweight in g
[length in cm]?

2 Adjusted for sex

Table 6. Percentages of men and women in the Preston study with
syndrome X according to birthweight

Birthweight Total Number (%)  Oddsratio®
(kg) numberof  with (95 % confidence
men and syndrome X  interval)
women
<2.50 30 4(13) 13.5 (1.4-129)
-2.95 55 6 (11) 9.0 (1.0-79)
~3.41 99 6 (6) 5.2(0.6-44)
>3.41 82 1(1) 1.0
Total 266 17 (6)

* Odds ratio adjusted for sex and BMI (2 for trend = 7.4, p = 0.006)

whose birthweight was 2.5 kg (5.5 pounds) or less, to 1
in those whose birthweight was more than 3.4 kg
(7.5 pounds). The corresponding odds ratio, adjusted for
BMIL, fell from 13 to 1. :
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Table 7. Percentage of men in the Hertfordshire study and men and
women in the Preston study with syndrome X according to social
class at birth, current social class, smoking history and alcohol con-
sumption

Hertfordshire Preston

Men Women
Social class at birth
L II, IIT Non-manual 18 (9) 6(2) 8(3)
IIT Manual 12 (15) 8(5) 7(3)
v,v 14 (28) 9(3) 0 (0}
Current social class
L IL, I1II Non-manual 11 (13) 8(4) 4 (3)
IIT Manual 15 (28) 5(3) 25(1)
Iv,v 14 (14) 11 (3) 7(3)
Smoking history
Never smoked 13 (9) 7(2) 5(3)
Ex-smoker 14 (32) 9(5) 5(1)
Current smoker 14 (15) 6(3) 8(3)
Alcohol consumption®
Low 16 (17) 12 (4) 5@2)
Moderate 12 (20) 4(1) 6(4)
High 15 (19) 6(5) 5(1)

*Low = 0 units/week; Moderate = 1-7 units/week; High = >7
units/week, 1 unit = 10 ml ethanol.
Figures in parentheses are number of people with syndrome X

Confounding variables

In Hertfordshire and Preston the prevalence of syn-
drome X did not vary with cigarette smoking, alcohol con-
sumption, or with social class at birth (Table 7). In Hert-
fordshire a higher percentage of men with syndrome X
were currently of low social class but this was a weak asso-
ciation and adjustment for it had little effect on the trends
in Table 2. The relation between syndrome X and birth-
weight is present in each social class, defined currently or
at birth, in Hertfordshire and Preston.

Discussion

We have identified men and women who have impaired
glucose tolerance or Type 2 diabetes, together with hyper-
tension and raised fasting serum triglyceride concentra-
tions. We defined elevated triglyceride concentrations as
those above the median. Notwithstanding this relatively
low cut-off point the men and women thus defined as hav-
ing syndrome X have the other characteristics, elevated
plasmainsulin anddecreased HDL-cholesterol concentra-
tions, which together comprise syndrome X [8]. Consistent
with findings in other studies they also have high BMI and
waist to hip ratios and high serum apolipoprotein B and
plasminogen activator inhibitor concentrations [9,26].
The prevalence of syndrome X was strongly related to
birthweight. It fell progressively in both men and women
from those who had the lowest to those who had the high-
est birthweights. Of the 64-year-old men whose birth-
weights were 2.95 kg (6.5 pounds) or less, 22 % had the
syndrome. Their risk of developing the syndrome was
more than 10 times greater than that of men whose birth-
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weights were more than 4.31 kg (9.5 pounds). The associ-
ation of syndrome X and low birthweight was inde-
pendent of possible confounding variables including ciga-
rette smoking, alcohol consumption and social class
currently or at birth. In Hertfordshire, a rural area, birth-
weight is unrelated to social class [27]. It is unlikely that an
unknown confounding variable related to adult lifestyle
would produce the large and graded relation between
relative risk of syndrome X and birthweight. Such a con-
founding variable would have a stronger effect on the risk
of syndrome X than any variable hitherto identified and
its existence is likely to have been known already, or at
least suspected.

The study was based on samples of people who still
lived in the area where they were born. They may have dif-
fered from those who moved to other places. However,
our analysis was based on internal comparisons and selec-
tion bias would be introduced oaly if the relationship be-
tween fetal growth and syndrome X differed in the two
groups; this is unlikely. The same arguments apply to
possible selection bias due to unwillingness to participate
in the studies. The study samples also represent people
who survive into middle-age. It seems likely that people
who survive will have a lower incidence of hypertension,
diabetes and other disorders than people who die prema-
turely. Our findings might therefore underestimate the
strength of associations with fetal growth.

The men in Hertfordshire with syndrome X were char-
acterised by low birthweight, low weight at 1 year of age
and delayed dental eruption at 1 year of age. The mean
and women in Preston with syndrome X were charac-
terised by low birthweight, which was not due to short-
ened gestation, and by small head circumference and low
ponderalindex at birth. In a previous analysis of data from
Preston, we have shown that there are two groups of
babies who develop high blood pressure as adults [28].
One group is those who have below-average birthweight
and head circumference and are thin at birth as measured
by a low ponderal index. We have now shown that these
babies are also liable to develop syndrome X. The other
group is those who have above-average birthweight and
head circumference but below-average length at birth.
These babies do not appear to develop syndrome X al-
though they may develop other abnormalities, including
raised plasma fibrinogen concentrations [4].

Insulin resistance hasbeen proposed as the abnormality
which underlies syndrome X. It is suggested that hyper-
insulinaemia may not only lead to obesity and abnormal
plasma lipid and plasminogen activator inhibitor concen-
trations butcould raise blood pressure through anumber of
mechanisms, including renal sodium retention and altered
sodium handling by the arterial smooth muscle cells [10].
However, thisviewisnot consistent with anumber of obser-
vations as a recent paper by Jarrett [29] points out. Our
findings indicate that Type 2 diabetes and hypertension
have a common origin in sub-optimal development in
utero. We have previously suggested that an association be-
tween reduced fetal growth and Type 2 diabetes reflects
impaired development of the endocrine pancreas during a
critical early period with consequent reduced ability to se-
creteinsulin {1]. Similarly the association betweenreduced
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fetal growth and later hypertension may reflect an early
change in blood vessel development [4]. In a hypothesis
which attempts to unify these observations, we proposed
that a variety of long-term changes in organ function may
arise from different types and time-scales of poor fetal and
infant growth and development [13,27]. Thus the variable
components of syndrome X, including defective beta-cell
function, hypertension, hypetlipidaemia and insulin resis-
tance may be programmed [30] by changes in the intra-
uterine and early infant environment. The relative con-
tributions of insulin deficiency and insulin resistance tothe
production of Type 2 diabetes may also vary according to
the spectrum of changes in the environment in early life.

The observation that syndrome X is associated with
small head circumference as well as below-average birth-
weight suggests that the influences which programme syn-
drome X may act early in gestation. Little is known about
the nature of these influences, although we suspect that
nutrition is important [27]. Nor do we know whether they
programme the disorder by modifying gene expression,
cell numbers or organ structure. They produce, however, a
marked reduction in fetal and infant growth. A consistent
feature of the studies which have linked fetal and infant
growth to adult cardiovascular disease and diabetes, is
that the relationships between early growth and adult dis-
ease are continuous [27]. In keeping with this the risk of
syndrome X falls progressively up to the highest values
of birthweight. The influences which programme syn-
drome X must therefore act across the whole range of
fetal growth. If the criteria for successful fetal growth in-
clude adult health and longevity, we may no longer be en-
titled to assume that a baby of average birthweight has
achieved optimal growth.

In conclusion, we suggest that syndrome X should be
re-named “the small-baby syndrome”.
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