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We aimed to assess whether birth order affects metabolism and body composition in overweight
middle-aged men. We studied 50 men aged 45.6 * 5.5 years, who were overweight (BMI 27.5 + 1.7 kg/m?)
but otherwise healthy in Auckland, New Zealand. These included 26 first-borns and 24 second-borns.
Insulin sensitivity was assessed by the Matsuda method from an oral glucose tolerance test. Other
assessments included DXA-derived body composition, lipid profiles, 24-hour ambulatory blood pressure,
and carotid intima-media thickness. First-born men were 6.9 kg heavier (p = 0.013) and had greater BMI
(29.1 vs 27.5 kg/m? p = 0.004) than second-borns. Insulin sensitivity in first-born men was 33% lower than
in second-borns (4.38 vs 6.51; p = 0.014), despite adjustment for fat mass. There were no significant
differences in ambulatory blood pressure, lipid profile or carotid intima-media thickness between first- and
second-borns. Thus, first-born adults may be at a greater risk of metabolic and cardiovascular diseases.

here has been a steady reduction in birth rates throughout the world'. Therefore, average family size has

decreased, with a consequent increase in the proportion of first-born children in many countries®. Thus, any

adverse health outcomes associated with being first-born would affect an increasing proportion of the
world’s population’.

There is some evidence that birth order influences growth and metabolism, from infancy to early adulthood®.
First-born babies have lower birth weight, but more rapid growth and weight gain in infancy*?, such that in
childhood they are taller than later-borns>®. Importantly, first-born children have reduced insulin sensitivity and
higher daytime blood pressure’. Although the height discrepancy is reduced by early adulthood, first-borns have
greater adiposity"”. Further, first-borns have been shown to have a less favourable lipid profile in young adult-
hood, with higher LDL-C, total cholesterol, and triglyceride concentrations than later-borns*. Thus, being first-
born may be associated with persistent changes in metabolism and body composition, that may lead to greater
risk of developing type 2 diabetes mellitus and cardiovascular disease.

While there are limited data on the effects of birth order on growth and metabolism in the first two decades of
life, there are no data on such outcomes in mid-adulthood. It is important to assess whether the metabolic effects
observed in early years are sustained or magnified throughout adulthood, particularly since middle age is a time
where identification of risk factors and early intervention may be most appropriate. Therefore, we aimed to assess
whether birth order affects metabolism and body composition in overweight middle-aged men.

Results

From the 57 first- and second-born men that participated in both trials, 50 subjects met the inclusion criteria
(Figure 1). Participants were aged 45.6 = 5.5 years and of BMI 27.5 *+ 1.7 kg/m?, including 26 first-borns and 24
second-borns. The vast majority of participants (92%) were of European descent, and men in both groups were of
similar age and ethnicity (Table 1).

First- and second-born men were of similar height (p = 0.40; Table 1). However, first-born men were 6.9 kg
heavier (p = 0.013) and had greater BMI (29.1 vs 27.5 kg/m? p = 0.004) than second-borns (Table 1). There were
no significant differences between groups in total body fat and android fat to gynoid fat ratio, but first-borns
tended to have a greater fat mass index than second-borns (p = 0.068; Table 1).
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Figure 1| Summary of study recruitment. All participants from the olive leaf extract® and krill il (unpublished data) trials were overweight middle-aged

men recruited in Auckland, New Zealand.

Insulin sensitivity in first-born men was 33% lower than in sec-
ond-borns (4.38 vs 6.51; p = 0.014) (Table 2), despite adjustment for
confounders including fat mass, socio-economic status, and physical
activity levels. However, disposition index was similar in both groups
(Table 2). Further, there were no significant differences in ambulat-
ory blood pressure, lipid profile, or carotid intima-media thickness
between first- and second-borns (Table 2).

Discussion
This study has shown that within a cohort of overweight middle-aged
men, first-borns had greater BMI and lower insulin sensitivity than
second-borns. Importantly, the difference in insulin sensitivity was
independent of fat mass. Reduced insulin sensitivity is an independ-
ent predictor of type 2 diabetes mellitus, hypertension, coronary
heart disease, stroke and cancer in non-obese middle aged men'.

Recently, there has been increasing interest in two atypical groups.
Firstly, the metabolically healthy obese (MHO)', who although
obese do not display the typical adverse metabolic effects of obesity.
Secondly, the metabolically obese but normal weight (MONW)'®,
who have unhealthy metabolic markers despite being in the normal
BMI range. Environmental'” and genetic'® correlates of MHO have
been identified. We speculate that birth order, through an influence
on the early fetal environment, contributes to the phenotype of insu-
lin resistance and metabolic adversity that characterise the unhealthy
obese and MONW.

The mechanisms by which birth order influences long-term meta-
bolism are unknown, but differences in placental blood flow may

play a role. During pregnancy, structural changes occur to uterine
spiral arteries to facilitate placentation'. Following parturition, these
changes do not reverse, suggesting a more favourable fetal envir-
onment for subsequent pregnancies®. Not surprisingly, first-borns
are lighter at birth than later-borns®® Nonetheless, while placental
blood flow is an important regulator of fetal growth*', the metabolic
effect of birth order is not solely due to differences in birth weight®.

It is worth noting that the difference in insulin sensitivity was also
independent of the age of participants and of their parents. Recent
studies indicate that there are age-related changes in the B-adrenergic
system that lead to altered cardiovascular function® and reduced
insulin secretion®. These observations highlight the importance of
accounting for both parental and participants’ ages in our analyses.
Age-related changes could directly influence the metabolic pheno-
type of participants, while those born of older mothers could the-
oretically be affected via altered fetal growth and subsequent
metabolic programming™.

The major strength of this study is the comprehensive metabolic
assessment. Although the study of a narrow BMI range enabled
characterization of overweight middle-aged men, this may limit
wider application of our findings. Given first-borns had greater
BMI than second-borns, using BMI as an inclusion criterion for
the parent clinical trials might have introduced a subtle selection
bias. Other limitations include the post hoc analysis and a relatively
small sample size. In addition, we studied a relatively narrow range of
individuals (overweight males living in a large urban centre, mostly
of New Zealand European ethnicity), which could also limit the

Table 1 | Age and anthropometry in first-born and second-born men. Age data are mean =+ SD; other data are means and 95% confidence
intervals adjusted for other confounding factors in the multivariate models

First-borns Second-borns p-value
n 26 24
Ethnicity (European descent) 92% 92% 0.99
Age (years) 449 +56 46.4+54 0.37
Height (cm) 176.8 (171.0-180.5) 175.1 (169.7-180.5) 0.40
Weight (kg) 91.0 (83.6-98.4) 84.1 (76.9-91.3) 0.013
BMI (kg/m?) 29.1 (27.7-30.5) 27.5(26.1-28.9) 0.004
Total body fat (%) 32.2 (27.3-37.1) 29.9 (25.1-34.7) 0.21
Android fat to gynoid fat ratio 1.27 (1.13-1.41) 1.23 (1.09-1.3¢) 0.42
Fat mass index (kg/m?) 9.36 (7.74-10.97) 8.26 (6.69-9.84) 0.068
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Table 2 | Study outcomes in first-born and second-born men. Data are means and 95% confidence intervals adjusted for other confounding
factors in the multivariate models

First-borns Second-borns p-value
n 26 24
Glucose homeostasis
Insulin sensitivity (Matsuda index) 4.38 (2.72-6.73) 6.51 (4.31-9.56) 0.014
Disposition index 4.72 (4.65-4.79) 4.71 (4.64-4.78) 0.86
24-hour ambulatory blood pressure
Systolic (mmHg) 128.3 (120.4-136.2) 124.7 (116.9-132.4) 0.23
Diastolic (mmHg) 80.6 (75.3-85.9) 77.9(72.7-83.1) 0.18
Systolic dip (%) 13.5 (7.8-19.2) 12.8 (7.2-18.4) 076
Diastolic dip (%) 19.0 (11.5-26.7) 18.4 (11.0-25.8) 0.81
Carotid intima-media thickness (mm) 0.71(0.59-0.82) 0.71(0.61-0.82) 0.92
Lipid profile
Total cholesterol (mmol/I) 4.11(3.35-4.88) 4.02(3.31-4.72) 0.74
LDLC (mmol/I) 2.80 (2.09-3.51) 2.56 (1.91-3.21) 0.38
HDLC (mmol/) 1.05 (0.84-1.26) 1.01 (0.82-1.21) 0.65
Total cholesterol: HDL-C 3.98 (3.05-4.91) 4.13 (3.28-4.99) 0.66
Triglycerides (mmol/I) 0.78 (0.41-1.44) 0.93 (0.59-1.2¢) 0.29

applicability to the general population, particularly females. Lastly, as
we did not study sibling pairs, our findings could have underesti-
mated the magnitude of birth order effects on insulin sensitivity and
other metabolic outcomes.

In conclusion, first-born overweight middle-aged men have
greater BMI and lower insulin sensitivity than second-borns.
Larger studies are required to better evaluate the long-term health
effects of birth order across the BMI range. Ideally, future research
should focus on sibling pairs.

Methods

Ethics approval. Ethics approval was provided by the Central and Northern Y
Regional Ethics Committees (Ministry of Health, New Zealand), and written
informed consent was obtained from all participants.

Participants & recruitment. Participants were recruited for two clinical trials
investigating the metabolic effects of supplementation with olive leaf extract® or krill
oil (unpublished data) (Figure 1). Volunteers were recruited in 2011 and 2012 using
advertisements in local newspapers that circulate freely in the central Auckland
metropolitan area (New Zealand). First- and second-born men who were overweight
(body mass index (BMI) 25-30 kg/m?) and middle-aged (35-55 years) were eligible
to participate. Note that only males were recruited to the clinical trials so that the
effects of the menstrual cycle and/or oral contraception on insulin sensitivity (the
primary outcome) could be avoided. Exclusion criteria were: diabetes mellitus,
hypertension (systolic blood pressure >145 mmHg or diastolic blood pressure
>95 mmHg), known dyslipidaemia, or the use of tobacco, or prescription
medications likely to affect blood pressure, lipid profile or insulin sensitivity. From
this group, all participants born at term (37-41 weeks) from singleton pregnancies
were included. Note that when assessing birth order, miscarriages of less than 20
weeks were not counted. Where subjects participated in more than one clinical trial,
the data from the most recent trial was used.

Clinical assessments. All clinical assessments were carried out at the Maurice &
Agnes Paykel Clinical Research Unit (Liggins Institute, University of Auckland).
Insulin sensitivity was assessed via a 75 g oral glucose tolerance test using the
Matsuda method, with glucose and insulin samples collected at 0, 30, 60, 90, and 120
minutes’. The Matsuda index has a strong correlation with the hyperinsulinemic
euglycaemic clamp (r = 0.77)", and excellent reproducibility during multiple
measures''. The oral disposition index (a measure of B-cell function corrected for
insulin sensitivity) was also calculated.

Fasting blood samples were used to assess lipid profile, namely triglycerides, total
cholesterol, high-density lipoprotein cholesterol (HDL-C), and low-density lipo-
protein cholesterol (LDL-C). Auxological assessment included height measurement
using a Harpenden stadiometer. Weight and body composition were assessed using
whole-body dual-energy X-ray absorptiometry (DEXA, Lunar Prodigy 2000,
General Electric, Madison, USA). Apart from BMI, the fat mass index was also
calculated'?.

24-hour ambulatory blood pressure monitoring was carried out prior to the clinical
assessment. Participants were fitted with a Spacelabs 90207 or 90217 monitor
(Spacelabs Medical Inc., Redmond, USA), with each subject being assigned the same
device model for all assessments. Measurements were performed every 20 minutes
between 07:00 and 22:00, and every 30 minutes from 22:00 to 07:00. Only profiles with
>14 daytime and >7 night time recordings over a 24-hour period were analysed.

Carotid intima-media thickness (cIMT) was also measured, as it is a validated and
reproducible measure that is predictive of cardiovascular and cerebrovascular risks.
cIMT was measured using an M-Turbo ultrasound system (Sonosite, Bothel, USA) by
trained investigators [MdB, BA], with longitudinal images attained using a standard
protocol"®. The right common carotid artery was scanned from both posterolateral
and anterolateral views. Digitally stored images were analysed using computer soft-
ware automated callipers to measure the far wall (SonoCalc™ v.4.1, Sonosite). The
maximal cIMT measurement from both views, approximately 10 mm proximal to the
carotid bulb was used for comparative analysis. To assess reproducibility, triplicate
measures were taken of seven healthy volunteers over a 7-day interval, and resulted in
an intra-observer CV of 3.7% (unpublished data).

Physical activity levels were assessed using the International Physical Activity
Questionnaire (IPAQ)", covering four domains of physical activity: work-related,
transportation, housework/gardening, and leisure time. Geo-coded deprivation
scores were derived from current address using the New Zealand Index of
Deprivation 2006 (NZDep2006). This index is based on household census data
reflecting nine aspects of material and social deprivation to divide New Zealand into
tenths (scored 1-10) by residential address. Scores of 1 represent the least deprived
areas and 10 the most deprived. Scores are derived from units covering a small area,
each reflecting approximately 90 people.

Assays. Insulin concentrations were measured using an Abbott AxSYM system
(Abbott Laboratories, Abbott Park, USA) by microparticle enzyme immunoassay
with an inter-assay coefficient of variation (CV) of 5.4%. Glucose, triglyceride, total
cholesterol, HDL-C, and LDL-C concentrations were measured on a Hitachi 902
autoanalyser (Hitachi High Technologies Corporation, Tokyo, Japan) by enzymatic
colorimetric assay (Roche, Mannheim, Germany) with a CV lower than 2.5%. Highly
sensitive CRP was measured using commercially available ELISA kits (OLE study,
USCN Life Science, Wuhan, China, CV 10%) or a Hitachi 902 autoanalyser (Krill
study, Hitachi High Technologies Corporation, CV 3.1%).

Statistical analysis. Demographic characteristics between first- and second-born men
were compared using one-way ANOVA and Fisher’s exact tests in Minitab v.16
(Pennsylvania State University, State College, PA, USA). Multivariate linear regression
models were carried out in SAS v.9.3 (SAS Institute, Cary, NC, USA). All models
accounted for important confounding factors, namely age, ethnicity, socio-economic
status (NZDep2006), physical activity levels (IPAQ), and mean parental age at
childbirth. Age and total body fat percentage were also controlled for, when assessing
potential differences in lipids and outcomes associated with glucose homeostasis. All
statistical tests were two-tailed and significance level maintained at 5%. Demographic
data are presented as means * standard deviations, while other data are means and
95% confidence intervals adjusted for the confounders in multivariate models.
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