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ABSTRACT
Introduction Insulin- like growth factor-1 (IGF-1) has been 
implicated in fetal and early- life growth and development 
of type 2 diabetes (T2D). We aimed to examine the 
interaction between circulating IGF-1 and birth weight in 
relation to risk of T2D.
Research design and methods We included 181 090 
adults, aged 39–70 years in the UK Biobank Study, who 
were free of diabetes or major cardiovascular diseases 
at baseline. Serum IGF-1 levels were determined using 
chemiluminescent immunoassay method. Birth weight was 
self- reported; a Genetic Risk Score (GRS) was calculated 
to define the genetically determined birth weight. The 
outcome was the incidence of T2D.
Results We identified 3299 incident T2D cases over an 
average of 9.9 years of follow- up. Among the participants 
with birth weight of ≥2.5 kg, IGF-1 levels were inversely 
associated with T2D risk in a dose- dependent manner 
(p-trend<0.001). In contrast, the association was not 
significant among those with birth weight of <2.5 kg (p- 
interaction=0.001). The GRS of birth weight did not interact 
with IGF-1 levels on T2D risk.
Conclusions Our results indicate that birth weight 
significantly modifies the relation between adulthood 
levels of circulating IGF-1 and the risk of T2D. Our findings 
highlight the importance of early- life risk factors in the 
development of the lifecourse prevention strategies 
targeting IGF-1 and T2D.

INTRODUCTION
Type 2 diabetes (T2D) is a serious public 
health threat associated with high morbidity 
and mortality rates. T2D disables people at 
their most productive age, impoverishes fami-
lies and reduces the life expectancy, which 
places a considerable health and economic 
burden borne by both individuals and health 
systems.1 2 Compelling evidence has shown 
that the lifecourse susceptibility to the devel-
opment of T2D is determined jointly by 
risk factors exposed in both early life and 
adulthood.3–6

Insulin- like growth factor-1 (IGF-1), a 
hormone predominately produced by the 
liver when stimulated by growth hormone,7 is 
similar to insulin in molecular structure and 
acts synergistically with insulin to maintain 
glucose homeostasis through binding its own 
receptors and insulin receptors in different 
tissues.8–10 Notably, the regulatory effect of 
IGF-1 on glucose metabolism and devel-
opment of T2D can be tracked back to the 
early- life development windows. Prenatal/
postnatal deficiency of IGF-1 induced by 
intrauterine growth restriction may cause 
‘diabetic’ aging trajectory toward adulthood, 
and the decreased levels of IGF-1 during early 
life may persist into adulthood.11 12 A recent 
Mendelian randomization study reported 
a potentially causal relation between the 

Significance of this study

What is already known about this subject?
 ► Lifecourse susceptibility to type 2 diabetes (T2D) is 
determined jointly by risk factors exposed in both 
early life and adulthood.

 ► Insulin- like growth factor-1 (IGF-1) has been impli-
cated in fetal and early- life growth and development 
of T2D.

What are the new findings?
 ► Birth weight significantly modifies the relation be-
tween adulthood levels of circulating IGF-1 and the 
risk of T2D.

 ► Among the participants with birth weight of ≥2.5 kg, 
IGF-1 levels were inversely associated with T2D risk 
in a dose- dependent manner.

How might these results change the focus of 
research or clinical practice?

 ► Early- life risk factors need to be considered for life-
course prevention and treatment targeting on IGF-1 
and T2D.
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elevated IGF-1 levels and a higher risk of T2D13; however, 
little is known about whether the association between 
adulthood IGF-1 levels and T2D risk could be modified 
by birth weight.

In this present study, we examined the interaction 
between circulating IGF-1 and birth weight on the risk 
of T2D in 112 736 women and 68 354 men from the UK 
Biobank Study. We also investigated whether the asso-
ciation between IGF-1 and T2D could be modified by a 
Genetic Risk Score (GRS) of birth weight.

METHODS
Study population
We used data from the UK Biobank, which is a large 
population- based prospective cohort study for long- term 
study of genetic and lifestyle determinants of a wide range 
of common diseases of middle age and old age. Detailed 
information on study design has been presented else-
where.14 Briefly, between 2006 and 2010, a total of 502 
506 community- dwelling participants (229 122 men and 
273 384 women) aged 37–73 years were recruited from 
22 assessment centers across England, Scotland, and 
Wales. Participants provided information on sociodemo-
graphics, habitual diet, lifestyle factors (smoking status, 
alcohol intake, sleep duration and habitual physical 
activity), early life exposures (birth weight and maternal 
smoking) and medical records through touch- screen 
questionnaires. Physical measurements (anthropomet-
rics) and biological samples (blood, urine and saliva) 
were also obtained at recruitment.

Laboratory measurements
Blood samples were collected from consenting partic-
ipants at recruitment and a repeat measurement was 
conducted among approximately 20 000 participants 
between 2012 and 2013. Samples were transferred to a 
dedicated central laboratory, separated by components 
and stored at UK Biobank (−80°C and LN2) until anal-
ysis. Serum IGF-1 concentrations were determined using 
chemiluminescent immunoassay method (DiaSorin 
Liason XL). The coefficient of variation for IGF-1 ranged 
between 5.29% and 6.18%. First repeat measurements of 
IGF-1 levels were available from 17 699 participants. Total 
cholesterol (TC), triglyceride (TG), high- density lipopro-
tein cholesterol (HDL- C), and C reactive protein (CRP) 
levels were measured using robust and reliable analyt-
ical methods on a chemistry analyzer (AU5800 Analyzer, 
Beckman Coulter). Full details on assay performance 
have been published previously.15

Assessment of birth weight
All the participants were asked, ‘Do you know your birth 
weight?’ and they were further asked to enter their own 
birth weight if they answered ‘yes’. Data on birth weight 
were available for 293 431 participants. The self- reported 
birth weight has been validated and demonstrated to be 
reliable.16

Genetic Risk Score
Details of the design of genotyping, quality control 
and imputation procedures are described previously.17 
Briefly, the UK Biobank Axiom array was used to geno-
type around 450 000 participants, and UK BiLEVE array, 
which was closely related to the previous array, was used 
to genotype the other 5000 participants.17 In this study, 
we excluded the participants who were related, with 
excessive heterozygosity, high levels of missingness and 
mismatched sex, and those who were not Europeans 
(figure 1).

We selected seven single- nucleotide polymorphisms 
(SNPs) associated with birth weight at genome- wide signif-
icance (p<5×10−8) in individuals of European ancestry in 
the Early Growth Genetics Consortium, which is present 
in online supplemental table 1).18 All the seven SNPs 
were available in the UK Biobank. The weighted GRS for 
each participant was defined using the formula weighted 
GRS=(β1×SNP1+β2×SNP2+β3×SNP3+…+βn×SN-
Pn)×(N/sum of the β coefficients). Individual SNP was 
recoded based on the number of risk alleles (recoded as 
0, 1 or 2). The beta- coefficient was the change in z score 
per birth weight lowering allele from linear regression 
according to the aforementioned consortium.18 The GRS 
ranged from 0.7 to 14.0, and a higher score indicated a 
higher genetic predisposition to low birth weight.

Ascertainment of incident T2D cases
We used the first occurrence variables provided by UK 
Biobank to document T2D cases. The earliest occur-
rence dates have been extracted from multiple resources, 
including self- report data, hospital admission data, 
medical history data and death register data. The preva-
lent cases of all types of diabetes and major cardiovascular 
diseases including stroke, myocardial infarction, heart 
failure and ischemic heart disease were also identified 
by the first occurrence date variables and were excluded 
from the analysis. Detailed information on mapping 
the diagnosis and extracting the first occurrence date is 

Figure 1 Flowchart for the selection of the study population 
from the UK Biobank.
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available online (http:// biobank. ndph. ox. ac. uk/ show-
case/ showcase/ docs/ first_ occurrences_ outcomes. pdf).

Statistical analysis
Overall, the current analysis included data from 181 090 
participants in the UK Biobank study after excluding the 
prevalent cases of T2D, or major cardiovascular disease, 
or those participants with incomplete information on 
main exposures, or those who were not Europeans, who 
were related, with excessive heterozygosity, high levels of 
missingness or mismatched sex (figure 1). Person- years 
were calculated from the date of recruitment to the date 
of diagnosis of T2D, death, loss to follow- up, or 1 March 
2019, whichever occurred first. The missing values of 
covariates were imputed by sex- specific mean values for 
continuous variables or missing indicator approach for 
categorical variables (all covariates<8% missing). The 
differences between baseline characteristics across the 
quintiles of the circulating IGF-1 levels were examined 
using χ2 test for categorical variables and analysis of vari-
ance test for continuous variables among the individuals 
with birth weight of <2.5 and ≥2.5 kg.

We used multivariable Cox proportional hazards 
regression models to compute HRs and 95% CI for the 
association between circulating IGF-1 and risk of T2D 
using the lowest quintiles of IGF-1 as the reference group. 
Schoenfeld residuals method showed the proportional 
hazards assumption was not violated. To test for linear 
trends, we modelled the IGF-1 as a continuous variable by 
assigning the median values to all the participants in that 
category. We also analyzed the association between each 
1- SD increment in the IGF-1 levels and the risk of T2D.

Three multivariate models were constructed. In model 
1, we adjusted for the following potential confounders: 
age at recruitment (continuous, year), sex (men and 
women), overall health rating (excellent, good, fair, and 
poor), socioeconomic status (Townsend Deprivation 
Index, continuous), physical activity (continuous, meta-
bolic equivalent of task- hours/week), maternal smoking 
(yes or no), birth weight (<2.5, ≥2.5 kg), smoking status 
(never, past, or current), alcohol consumption (never, 
monthly–weekly, or daily), sleep duration (≤6, 7–8, 
≥9 hours/day), family history of diabetes (yes or no) and 
history of hypertension (yes or no). In model 2, we further 
adjusted for BMI (continuous, kg/m2). As evidence has 
suggested that the potential mechanisms between IGF-1 
and risk of T2D may involve different aetiology pathways, 
including inflammation and lipid homeostasis,19 20 we 
further adjusted for the surrogate biomarkers of these 
pathways, namely, CRP, TC, TG and HDL- C in model 3. 
Genotyping batch and the first 10 principal components 
of ancestry were additionally adjusted in the models with 
GRS.

We then stratified the analysis by birth weight (<2.5, 
2.5–<4.0 and ≥4.0 kg; <2.5 and ≥2.5 kg) overall and in 
men and women separately. We also examined the associ-
ation between IGF-1 and T2D according to GRS of birth 
weight (Q1 vs Q2–Q5). The multiplicative interactions 

between IGF-1 and stratified factors (birth weight and 
GRS of birth weight) were tested using the likelihood 
ratio test by including an interaction term in the multi-
variable model.

We conducted a series of sensitivity analyses: (1) to 
overcome the potential underestimated observed asso-
ciations using baseline measurements, we corrected 
for regression dilution ratio using the non- parametric 
method21 22; regression dilution ratio was calculated by 
the ratio of the mean range of the first repeat measure-
ment to the mean range of the baseline measurement; 
(2) we additionally adjusted for baseline glycated 
hemoglobin (HbA1c) levels to minimize the influ-
ence of baseline impaired glucose tolerance; (3) we 
excluded the participants diagnosed with T2D within 
2 years and other participants with less than 2 years 
of follow- up to minimize the potential effect of undi-
agnosed diabetes/pre- diabetes on circulating IGF-1 
levels; (4) we repeated the same analyses among the 
participants in good or excellent health to minimize 
the potential confounding effect of subclinical diseases 
on the observed associations.

All analyses were performed using SAS V.9.4 and 
STATA statistical software V.14.0, and a two- sided p<0.05 
was set as the threshold for statistical significance.

RESULTS
During a mean follow- up of 9.9 (SD 1.4) years, we docu-
mented 3299 incident cases of T2D. Baseline charac-
teristics of the participants across the quintiles of the 
circulating IGF-1 among the participants with birth weight 
of <2.5 and ≥2.5 kg are presented in table 1. In general, 
participants with lower levels of IGF-1 were older and 
more likely to be deprived, ever smokers, daily drinkers, 
have a higher BMI, experience short or longer sleep dura-
tion, report poor health rate, have a higher prevalence of 
pre- existing hypertension, maternal smoking exposure 
and a higher level of clinical biomarkers, including TC, 
TG and CRP.

Circulating IGF-1 levels and risk of T2D
Our data showed IGF-1 levels were inversely associated 
with the risk of T2D in a dose- dependent manner. With 
the adjustment for demographic, lifestyle risk factors 
and clinical biomarkers, compared with the lowest quin-
tile, the HRs (95% CIs) of T2D for second quintile to 
the highest quintile were 0.85 (0.76–0.95), 0.84 (0.74–
0.94), 0.72 (0.63–0.82) and 0.80 (0.70–0.92), respectively 
(p- trend<0.001). With each 1- SD increment in IGF-1 
levels, the HR (95% CI) of T2D in the fully adjusted 
model was 0.93 (0.89–0.97) (table 2).

IGF-1 levels and risk of T2D according to the birth weight
We first analyzed the associations between circulating 
IGF-1 and the risk of T2D with the adjustment for the 
potential confounders according to the birth weight 
categorized as <2.5, 2.5–<4.0 and ≥4.0 kg. The associa-
tion between IGF-1 and T2D was significantly modified 
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by birth weight (p- interaction=0.02). As the risk estimates 
were similar in 2.5–<4.0 and ≥4.0 kg categories (online 
supplemental table 2), we combined them into a single 
category of birth weight of ≥2.5 kg. In the individuals with 
birth weight of ≥2.5 kg, IGF-1 levels were inversely associ-
ated with the risk of T2D in a dose- dependent manner 
(p- trend<0.001).

Compared with the lowest quintile, the HRs of T2D 
were 0.86 (95% CI 0.76 to 0.97) for the second quin-
tile, 0.82 (95% CI 0.72 to 0.93) for the third quin-
tile, 0.71 (95% 0.61 to 0.81) for the fourth quintile, 
and 0.74 (95% CI 0.64 to 0.85) for the highest quin-
tile. Each 1- SD increment in circulating IGF-1 was 

statistically associated with a 9% lower risk of T2D. 
In contrast, IGF-1 was not associated with the risk of 
T2D in individuals with birth weight of <2.5 kg (p- in-
teraction=0.001). The interaction between IGF-1 and 
birth weight on T2D was observed in men (p- interac-
tion=0.01) but not in women (p- interaction=0.11). In 
men, an inverse association between IGF-1 and risk of 
T2D was observed among the participants with birth 
weight of ≥2.5 kg (p- trend<0.001), whereas the asso-
ciation was attenuated to be not significant among 
those whose birth weight was <2.5 kg (p- trend=0.61) 
(figure 2).

Table 1 Baseline characteristics according to quintiles of IGF-1 levels in the UK Biobank

Characteristics

IGF-1 levels, in quintile

Birth weight<2.5 kg Birth weight≥2.5 kg

Q1 Q5 Q1 Q5

Age (years) 58.6±7.1 52.9±8.2 57.9±7.2 51.6±7.9

Townsend Deprivation Index −1.1±3.2 −1.5±2.9 −1.4±3.0 −1.7±2.8

Physical activity (MET- hours/
week)

44.5±39.4 44.1±39.0 44.3±40.8 43.1±39.2

BMI (kg/m2) 28.5±5.9 26.4±4.1 28.0±5.6 26.4±3.9

Overall health rating

  Excellent 503 (13.4) 599 (17.5) 5182 (16.0) 7063 (21.6)

  Good 2112 (56.4) 2057 (60.0) 19 154 (59.2) 19 936 (61.0)

  Fair 896 (23.9) 640 (18.7) 6658 (20.6) 4914 (15.0)

  Poor 234 (6.3) 130 (3.8) 1337 (4.1) 775 (2.4)

Smoking

  Never 2184 (58.4) 2227 (64.9) 17 161 (53.0) 19 885 (60.8)

  Past 1164 (31.1) 888 (25.9) 11 829 (36.6) 9856 (30.1)

  Current 392 (10.5) 317 (9.2) 3368 (10.4) 2965 (9.1)

Alcohol intake

  Never 380 (10.1) 231 (6.7) 2589 (8.0) 1664 (5.1)

  Monthly to weekly 2746 (73.1) 2747 (79.8) 22 280 (68.7) 25 801 (78.8)

  Daily 631 (16.8) 464 (13.5) 7563 (23.3) 5297 (16.2)

Sleep duration (hours/day)

  7–8 2367 (63.5) 2368 (69.1) 21 503 (66.6) 23 655 (72.4)

  ≤6 1006 (27.0) 815 (23.8) 8245 (25.5) 7124 (21.8)

  ≥9 357 (9.6) 245 (7.2) 2539 (7.9) 1909 (5.8)

Family history of diabetes 714 (21.9) 683 (22.2) 6006 (20.7) 6327 (21.2)

History of hypertension 1239 (32.9) 816 (23.7) 8507 (26.2) 5852 (17.9)

Maternal smoking 1280 (38.9) 1109 (36.5) 8605 (30.0) 7915 (26.9)

TC (mmol/L) 5.9±1.1 5.8±1.1 5.9±1.1 5.7±1.0

TG (mmol/L) 1.8±1.0 1.7±1.0 1.7±1.0 1.6±0.9

HDL- C (mmol/L) 1.5±0.4 1.5±0.4 1.5±0.4 1.5±0.3

CRP (mg/L) 4.1±5.7 2.0±3.9 3.5±5.0 1.8±3.6

GRS for birth weight 7.5±1.8 7.4±1.8 7.6±1.8 7.5±1.8

Data are presented as mean±SD or n (%).
BMI, Body Mass Index; CRP, C reactive protein; GRS, Genetic Risk Score; HDL- C, high- density lipoprotein cholesterol; IGF-1, insulin- like 
growth factor-1; MET, metabolic equivalent of task; TC, total cholesterol; TG, triglyceride.

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2020-001885 on 1 M

arch 2021. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjdrc-2020-001885
https://dx.doi.org/10.1136/bmjdrc-2020-001885
http://drc.bmj.com/


5BMJ Open Diab Res Care 2021;9:e001885. doi:10.1136/bmjdrc-2020-001885

Cardiovascular and metabolic risk

IGF-1 levels and risk of T2D according to the GRS of birth 
weight
We did not observe a significant interaction between 
IGF-1 levels and the GRS of birth weight in relation to the 
risk of T2D (p- interaction=0.47). Compared the highest 
with the lowest quintiles, the multivariable adjusted HRs 
for T2D was 0.82 (95% CI 0.61 to 1.09) for those at the 
lowest quintile of the GRS of birth weight and 0.81 (95% 
CI 0.70 to 0.95) for those at the highest 80% of the GRS 
(table 3).

Sensitivity analyses
The results were generally robust in the sensitivity anal-
yses correcting for regression dilution ratio and adjusting 
for the additionally adjusted for baseline HbA1c levels 
(data not shown). The results were essentially unchanged 
after excluding the T2D cases diagnosed within 2 years 
and non- cases with less than 2 years of follow- up (online 
supplemental table 3) or among those who reported 
good or excellent overall health rating (online supple-
mental table 4).

DISCUSSION
To our best knowledge, this is the first study to provide 
epidemiological evidence that the relationship between 

Figure 2 Associations between insulin- like growth factor-1 
and risk of type 2 diabetes stratified by birth weight. HRs 
were adjusted for age, sex, body mass index, overall health 
rating, Townsend Deprivation Index, smoking status, alcohol 
consumption, sleep duration, physical activity, maternal 
smoking, menopause status and hormone- replacement 
therapy (women only), family history of diabetes, history 
of hypertension, circulating concentrations of C reactive 
protein, total cholesterol, triglycerides and high- density 
lipoprotein cholesterol.
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circulating IGF-1 and risk of T2D was significantly modi-
fied by birth weight. Our data showed an inverse associ-
ation between IGF-1 and risk of T2D in individuals with 
birth weight of ≥2.5 kg, but not in those with birth weight 
of <2.5 kg. Such effect modification was not observed for 
the GRS of birth weight.

Our findings of the inverse associations between circu-
lating IGF-1 and T2D are consistent with the results from 
several epidemiological studies.23–25 Null associations 
were also observed between IGF-1 and T2D.26 27 The 
discrepant observations might be partly due to the small 
sample size (less than 800 cases) or failure in excluding 
baseline T2D prevalent cases. Moreover, a recent Mende-
lian randomization study showed that the genetic predis-
position to elevated IGF-1 levels during adulthood was 
associated with a higher risk of T2D, suggesting a poten-
tially causal relation.13 However, in this study, some SNPs 
used as instrumental variables were also related with other 
traits that may confound the relationship between IGF-1 
and risk of T2D, such as hypertension, vascular or heart 
disease, birth weight of the first child, body fat mass, and 
height. Hence, caution is needed when interpreting the 
results of the Mendelian randomization study.

The significant interaction between birth weight and 
circulating IGF-1 on T2D is in line with our previous 
findings that birth weight may modify the adulthood 
risk factors on cardiometabolic disease risk.6 28 Of note, 
data on the relations between IGF-1 and T2D risk from 
the previous observational studies are highly conflicting, 
with findings of inverse,23–25 U- shaped,29 or null associ-
ations.26 27 30 31 Such heterogeneous results suggest the 
potential effect modifications may exist. Our results indi-
cate that birth weight is likely to be an effect modifier on 
the relation between IGF-1 and T2D.

An inverse association between IGF-1 and T2D was only 
observed among the participants with birth weight of 
≥2.5 kg, while the association between IGF-1 and T2D was 
attenuated toward null in those with birth weight of <2.5 kg. 
The putative effect modification by birth weight on the 
relationship between IGF-1 and T2D might be explained 
by several potential biological mechanisms. Low birth 
weight is a widely accepted indicator for prenatal malnu-
trition and intrauterine growth restriction. Evidence has 
shown that intrauterine growth restriction may lead to 
developmental programming of lifecourse IGFs concen-
trations. It was found that intrauterine growth restriction 
was associated not only with lower levels of cord IGF-132 but 
also with decreased levels of IGF-1 in infants,33 preadoles-
cent children without significant ‘catch- up’ growth34 and 
adults.12 Experimental studies indicate that intrauterine 
growth restriction can result in persistent reduction of 
serum IGF-1 through modifying epigenetic character-
istics, especially the histone code of the hepatic IGF-1 
gene,35 perturbing developmental epigenetics around 
distal growth hormone response elements on hepatic 
IGF-1 gene,36 and disturbing the formation of nucleosome- 
depleted region at the right potion on the IGF-1 gene.37 
Moreover, prenatal malnutrition had long- term effects Ta
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on glucose–insulin metabolism through multiple path-
ways involving IGFs, including epigenetic modifications, 
permanent changes in organs’ structure during a sensitive 
period of development and persistent effects on cellular 
aging regulation.11 38 Hence, we assumed that the effects 
of elevated IGF-1 levels could be nullified by these afore-
mentioned alterations caused by prenatal malnutrition 
and intrauterine growth restriction.

In addition, our data showed the association between IGF-1 
and T2D was not modified by genetic predisposition to birth 
weight. As the GRS used in our study only explained 2% of 
the variance in birth weight,39 the non- significant interaction 
may be due to the genetic variations that only account for 
a small proportion of the variance in birth weight. Further 
studies are warranted to corroborate our findings on the 
synergistic effect of GRS of birth weight and IGF-1 levels in 
adulthood on the risk of T2D.

A body of evidence from animal and human studies 
suggests that the early life development windows are critical 
periods when environmental exposure is more harmful to 
health outcomes throughout the life course.40 In normal 
condition, IGF-1 can act independently or coordinate with 
insulin to maintain the glucose homeostasis.41 However, our 
data showed the potential beneficial effect of elevated IGF-1 
in adulthood on T2D might be influenced by the impaired 
fetal growth. The findings in this present study suggest that 
improvement of prenatal/postnatal exposures plays a critical 
role in the prevention and treatment of T2D through the 
pathway involving IGF-1.

The major strengths of this study include the prospec-
tive study design, large sample size, and comprehensively 
collected information on the lifestyle factors. Moreover, 
the value of regression dilution ratio derived from the 
baseline and repeated measurements of IGF-1 indicated 
that the baseline IGF-1 levels could provide a precise 
estimate of long- term IGF-1 levels. Our study also has 
several potential limitations. First, information regarding 
IGF- binding proteins and IGF-2 was not available in the 
UK Biobank; hence, we were unable to adjust for these 
factors as confounders or mediators in the model. We 
were unable to investigate the interaction between free 
IGF-1 and birth weight on T2D as well. Second, covari-
ates collected at baseline could have changed over time; 
however, given the prospective study design, the subse-
quent misclassification would be non- differential, which 
would most likely to attenuate the true associations. 
Third, although data on birth weight was self- reported in 
our study, a previous study has validated the variable and 
demonstrated that the self- reported birth weight in the 
UK Biobank was a reliable measurement.16 Furthermore, 
as UK Biobank did not collect the information on birth 
terms, we were unable to further categorize the birth 
weight on the basis of preterm or full- term birth. Fourth, 
due to the observational study design, our data could not 
be used for inference of causality. Finally, evidence has 
shown that the ethnicity may affect the circulating IGF-1 
levels42; hence, studies in other ethnic populations are 
needed.

Our data indicate that the relation between adulthood 
IGF-1 and T2D is significantly modified by birth weight. 
Our findings highlight the importance of early- life risk 
factors in the development of the lifecourse prevention 
strategies targeting on IGF-1 and T2D.
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Online Supplementary Material 

 

Supplemental Table 1. SNPs used to derive the genetic risk score for birth weight 

SNP Locus EA NEA Beta  P 

rs900400 CCNL1 C T –0.072 3.6  10
-38

 

rs9883204 ADCY5 C T –0.059 5.5  10
-20

 

rs1042725 HMGA2 T C –0.047 1.4  10
-19

 

rs6931514 CDKAL1 G A –0.050 1.5  10
-18

 

rs4432842 5q11.2 C T –0.034 4.6  10
-8

 

rs724577 LCORL C A –0.042 4.6  10
-11

 

rs1801253 ADRB1 G C –0.041 3.6  10
-9

 

EA, effect allele; EAF, effect allele frequency; SNP, Single-nucleotide polymorphisms. 
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Supplemental Table 2. HRs (95% CI) of type 2 diabetes according to quintiles of IGF-1 levels stratified by birth weight 

 IGF-1 levels, in quintile   

Birth weight Q1 Q2 Q3 Q4 Q5 P for trend Per SD 

<2.5 kg        

Cases/person-years 168/36,360 92/34,951 91/33,101 72/33,691 88/33,849  511/171,952 

 HR (95% CI)
*
 1.00 0.76 (0.55-1.04) 0.95 (0.70-1.30) 0.80 (0.57-1.12) 1.22 (0.89-1.68) 0.44 1.04 (0.94-1.16) 

2.5-4 kg         

Cases/person-years 759/262,544 530/270,212 429/275,699 352/276,697 316/282,232  2,386/1,367,385 

 HR (95% CI)
 *

 1.00 0.88 (0.77-1.00) 0.82 (0.72-0.94) 0.68 (0.59-0.80) 0.73 (0.63-0.86) <0.001 0.90 (0.86-0.95) 

4 kg          

Cases/person-years 137/54,357 79/52,108 79/48,839 58/48,082 49/42,058  402/245,444 

 HR (95% CI)
 *

 1.00 0.76 (0.55-1.05) 0.79 (0.56-1.11) 0.86 (0.60-1.23) 0.76 (0.51-1.14) 0.22 0.94 (0.83-1.06) 

P for interaction 0.02       

*
Adjusted for age, sex, overall health rating, Townsend Deprivation Index, smoking status, alcohol consumption, sleep duration, physical 

activity, maternal smoking, family history of diabetes and history of hypertension, BMI, concentrations of C-reactive protein, total cholesterol, 

triglycerides and HDL-cholesterol. 
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Supplemental Table 3. HRs (95% CI) of type 2 diabetes according to quintiles of IGF-1 levels stratified by birth weight after excluding the 

participants with less than two years of follow-up 

 IGF-1 levels, in quintile   

Birth weight Q1 Q2 Q3 Q4 Q5 P for trend Per SD 

<2.5 kg        

Cases/person-years 143/28,871 81/27,872 81/26,363 64/26,884 79/26,988  448/136,979 

 HR (95% CI)
*
 1.00 0.78 (0.55-1.09) 0.98 (0.70-1.37) 0.85 (0.60-1.23) 1.24 (0.88-1.75) 0.31 1.07 (0.95-1.19) 

2.5 kg          

Cases/person-years 761/252,236 549/ 257,120 452/ 258,983 367/ 259,300 323/ 258,877  2,452/ 1,286,518 

 HR (95% CI)
 *

 1.00 0.92 (0.81-1.04) 0.86 (0.75-0.99) 0.75 (0.64-0.87) 0.76 (0.65-0.88) <0.001 0.93 (0.88-0.97) 

P for interaction 0.002       

*
Adjusted for age, sex, overall health rating, Townsend Deprivation Index, smoking status, alcohol consumption, sleep duration, physical 

activity, maternal smoking, family history of diabetes and history of hypertension, BMI, concentrations of C-reactive protein, total cholesterol, 

triglycerides and HDL-cholesterol. 
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Supplemental Table 4. HRs (95% CI) of type 2 diabetes according to quintiles of IGF-1 levels stratified by birth weight among the participants 

reported good or excellent overall health rating 

 IGF-1 levels, in quintile   

Birth weight Q1 Q2 Q3 Q4 Q5 P for trend Per SD 

<2.5 kg        

Cases/person-years 67/25,643 47/26,498 52/26,054 33/26,926 55/26,323  254/131,445 

 HR (95% CI)
*
 1.00 0.94 (0.61-1.47) 1.25 (0.81-1.91) 0.84 (0.51-1.38) 1.64 (1.06-2.53) 0.08 1.15 (0.99-1.33) 

2.5 kg          

Cases/person-years 482/239,839 362/258,875 291/266,378 233/267,814 221/268,462  1,589/1301,368 

 HR (95% CI)
 *

 1.00 0.82 (0.70-0.96) 0.76 (0.64-0.90) 0.64 (0.53-0.77) 0.73 (0.60-0.88) <0.001 0.90 (0.85-0.96) 

P for interaction <0.001       

*
Adjusted for age, sex, Townsend Deprivation Index, smoking status, alcohol consumption, sleep duration, physical activity, maternal smoking, 

family history of diabetes and history of hypertension, BMI, concentrations of C-reactive protein, total cholesterol, triglycerides and 

HDL-cholesterol.  
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Birthweight strongly linked to type 2 diabetes risk in adulthood

Weight of 2.5 kg+ associated with lower levels of key glucose regulator hormone 

A birthweight of 2.5 kg or more is strongly linked to the risk of developing type 2 
diabetes in adulthood, finds research published in the online journal BMJ Open 
Diabetes Research & Care.

It is associated with lower circulating levels of insulin-like growth factor-1, or 
IGF-1 for short, a hormone similar to insulin that affects childhood growth and 
energy metabolism in adults.

Compelling evidence indicates that susceptibility to type 2 diabetes over the life 
course is determined jointly by risk factors in both early life and adulthood, say 
the researchers.

To find out if there might be any association between adult circulating IGF-1 
levels, birthweight, and the risk of developing type 2 diabetes, the researchers 
drew on data from 112,736 women and 68,354 men taking part in the UK Biobank 
study. 

The UK Biobank is a large population-based study, which recruited its 37–73 year 
old participants between 2006 and 2010. It is tracking the potential impact of 
genetic and lifestyle factors on a wide range of common diseases of middle-and 

1



old age.

At recruitment, participants provided social and demographic details, as well as 
information on their usual diet, lifestyle (smoking status, alcohol intake, sleep 
duration and habitual physical activity), early life factors (birthweight and 
maternal smoking) and medical history. 

They also provided blood, urine, and saliva samples and their height, weight, body 
mass index (BMI), body circumferences (waist, hip, and limbs), and skinfold 
thickness were measured. 

Blood was checked for IGF-1, cholesterol, triglycerides and an indicator of 
inflammation, C-reactive protein. And repeat measures of IGF-1 were available 
from 17,699 participants. Information on the development of type 2 diabetes was 
obtained from self-report, hospital records, and death certificates.

During an average monitoring period of nearly 10 years, 3299 people developed 
type 2 diabetes.

Participants with lower levels of IGF-1 tended to be older and more likely to live in 
a deprived area. They were also more likely to have lifestyle and clinical risk 
factors for diabetes.

Nevertheless, a clear inverse association emerged between IGF-1 levels and type 

2



2 diabetes: the lower the IGF-1 level, the higher was the risk of type 2 diabetes.

But birthweight significantly altered this association, although only for those 
whose weight was 2.5 kg or more at birth, and only in men. 

Compared with those in the lowest 20% of IGF-1 levels, the odds of type 2 
diabetes were 14% lower for those in the second lowest 20%, and up to 36% 
lower for those in the highest 20% of IGF-1 levels. 

The findings held true, irrespective of any genetic predisposition to birthweight.

This is an observational study, and as such, can’t establish cause. Nor was there 
any information on whether the births had been premature or full term, or on 
ethnicity--factors that may well be influential, say the researchers.

Nevertheless, their findings echo those of other epidemiological studies, they 
note. “Our findings highlight the importance of early-life risk factors in the 
development of the lifecourse prevention strategies targeting IGF-1 and [type 2 
diabetes],” they conclude
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