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Abstract 45 

Background: Islet autoimmunity commonly develops early in infancy. We assessed whether 46 

specific parameters of early growth (including weight gain) were associated with the 47 

development of islet autoimmunity in children of type 1 diabetes patients, taking individual 48 

developmental patterns into account. 49 

Methods: Growth parameters were estimated in n=1011 children followed from birth in the 50 

prospective BABYDIAB and BABYDIET studies using longitudinal models. Cox 51 

proportional hazard models, adjusted for study, sex, gestational age, birth weight percentile 52 

and maternal type 1 diabetes status, were calculated to assess hazard ratios (HR) for islet 53 

autoimmunity with corresponding 95% confidence intervals (95% CI) by 2 SD increases in 54 

growth parameters. In a subset of n=170 infants, we investigated whether the growth 55 

hormones IGF-1 and IGFBP-3 were in the causal pathway. 56 

Results: We found an early age at infant BMI peak to be associated with the development of 57 

islet autoimmunity (HR 0.60 (95% CI 0.41-0.87), per 2 SD increase in age). Islet 58 

autoimmunity was also associated with BMI difference between infant BMI peak and 59 

childhood BMI rebound (HR 1.52 (95% CI 1.04-2.22)), but not after adjustment for age at 60 

infant BMI peak, and not with other parameters such as peak height and weight velocity 61 

during infancy. Serum concentrations of IGF-1 and IGFBP-3 at birth, 9 months and 2 years, 62 

respectively, were not significantly different between children with and without later islet 63 

autoimmunity.  64 

Conclusions: Variations in early growth rate have subtle effects on the risk of islet 65 

autoimmunity with growth hormones unlikely to be in the causal pathway.  66 

 67 

Keywords: Islet autoimmunity, infant growth, Insulin-like growth factor 1 68 

69 
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Introduction 70 

Type 1 diabetes is one of the most common chronic diseases in childhood, and its incidence is 71 

rising worldwide with highest increases in young children (1). The disease is preceded by a 72 

preclinical period of islet autoimmunity leading to the dysfunction and destruction of 73 

pancreatic beta cells. Islet autoimmunity most commonly develops early in infancy with a 74 

peak incidence around 1 to 2 years of age (2, 3). Therefore, factors that affect islet beta cells 75 

or immune response to beta cells in the first year of life are likely to be important for 76 

programming the initiation of islet autoimmunity (4, 5).  77 

The development of type 1 diabetes is clearly environmentally induced (6), but specific 78 

causes remain to be determined. According to the accelerator hypothesis (7), early growth and 79 

weight gain are potential candidates, as the rates of both have been increasing worldwide in 80 

recent decades (8-13). In a previous analysis, we had focused on weight and body mass index 81 

(BMI) after the age of 2 years and found no difference between children who developed islet 82 

autoimmunity and those remaining autoantibody-negative (14). Several other studies reported 83 

associations between growth and type 1 diabetes risk (15-23), but detailed data on the 84 

relationship between islet autoimmunity and growth within the first year of life is scarce. 85 

Furthermore, comparing height, weight or BMI between a priori defined time points as done 86 

in these studies does not take into account that early developmental patterns may differ 87 

considerably between individuals (24). Here we use a more elaborate approach, assessing age 88 

and BMI at infant BMI peak and childhood BMI rebound, which denote the maximum and 89 

minimum of a child’s individual BMI trajectory, respectively (25). Additionally, we 90 

calculated peak height and weight velocity in early life, which have already been shown to be 91 

associated with asthma (26), later BMI (27, 28) and blood pressure (29). We assessed whether 92 

these parameters of early growth – including weight gain – were associated with the 93 

development of islet autoimmunity using data from two prospective studies including up to 94 

five height / weight measurements within the first year of life. Further, we were able to 95 
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examine the potential role of two growth hormones, insulin-like growth factor-1 (IGF-1) and 96 

insulin-like growth factor-binding protein-3 (IGFBP-3) (30), in the causal pathway. 97 

 98 

Methods 99 

Study population 100 

Data from two ongoing German birth cohorts of healthy neonates with a genetically increased 101 

risk born between 1989 and 2006 (BABYDIAB, BABYDIET) were combined for 102 

longitudinal analyses of islet autoimmunity and type 1 diabetes. The BABYDIAB study 103 

examines the natural history of islet autoimmunity and type 1 diabetes in children born to a 104 

mother or a father with type 1 diabetes. Recruitment began in 1989 and ended in 2000. In the 105 

BABYDIET study, 150 newborns with a first degree relative with type 1 diabetes and with 106 

type 1 diabetes risk HLA genotypes were randomized to gluten exposure at 6 or 12 months of 107 

age between 2000 and 2006. The intervention had no effect on islet autoimmunity outcome or 108 

on growth parameters (31). For both studies, a detailed description of the study design has 109 

been reported previously (31-33). The studies were approved by the ethical committee of 110 

Bavaria, Germany (Bayerische Landesärztekammer No. 95357 and Ludwig-Maximilians 111 

University No. 329/00 respectively). All families gave written informed consent to participate 112 

in the study. Investigations were carried out in accordance with the principles of the 113 

Declaration of Helsinki, as revised in 2000. 114 

 115 

Growth measurements 116 

Length or height and weight measurements during infancy were obtained by pediatricians or 117 

general practitioners performing the examinations of the well-baby preventive health program 118 

offered to all children in Germany (‘U-Untersuchungen’). These are regularly conducted at 119 

birth and at the age of 3-10 days, 4-6 weeks and 3-4, 6-7, 10-12, 21-24, 46-48 and 60-64 120 

months. Thereafter, data on height and weight was assessed during study visits in three year 121 
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intervals in the BABYDIAB study and yearly in the BABYDIET study. Length of children 122 

below the age of 2 years was measured with an infantometer with a precision of ± 1 mm and 123 

height of children older than 2 years with a stadiometer with a precision of ± 1 mm. Weight 124 

was measured digitally or beam using a scale with a precision of ± 100 g. Sex and gestational 125 

age specific birth weight percentiles were calculated based on German reference values (34) 126 

and used to define small and large for gestational age status (<10th and >90th percentile, 127 

respectively).  128 

 129 

Peak weight and peak height velocity  130 

Height and weight growth curves for each individual based on their longitudinal growth data 131 

through age 2 years were calculated using the Reed1 model (35), which is a modification of 132 

the original Reed model (36) and was previously applied in epidemiological studies (26, 27, 133 

29). All available anthropometric measurements from birth until the age of 2 years were used; 134 

infants with fewer than 3 growth measurements and also twins were excluded from all 135 

analyses, yielding a sample size of n=1011. Growth curves were computed separately for 136 

boys and girls using nonlinear mixed models with a random effects term for each person. For 137 

each individual the first derivative of the best linear unbiased prediction (BLUP) of the 138 

growth curve was used to obtain growth velocity curves between birth and the age of 2 years. 139 

Peak height velocity and peak weight velocity were defined as the maximum of the respective 140 

growth velocity curves, respectively.  141 

 142 

Age and BMI at infant BMI peak and childhood BMI rebound  143 

The shape of the typical BMI curve is irregular and thus modeling and interpretation of 144 

individual longitudinal BMI curves of the entire life span is complex (37). We focused our 145 

analysis on age and BMI at infant BMI peak and childhood BMI rebound, as well as the 146 

difference in age and BMI between those milestones. BMI measurements were modeled in a 147 
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piecewise fashion as previously described (38). Measurements in the age window 2 weeks to 148 

18 months were used to model BMI curves around the timing of infant BMI peak, and BMI 149 

measurements between age 18 months and 13 years for childhood BMI rebound using mixed 150 

models (25, 26). Children with fewer than three measurements per age window were excluded 151 

from this analysis. Gender adjusted mixed models with random intercept and random slope 152 

for each individual and with a linear, quadratic and cubic effect of age to account for 153 

nonlinearity of BMI change over time were applied to fit the individual log-transformed BMI 154 

curve for every child (38). Subsequently, age and BMI at infant BMI peak and childhood 155 

BMI rebound were derived as maximum and minimum of the individual BMI curve (25, 26). 156 

 157 

Outcome variables 158 

Islet autoantibodies were measured in venous blood samples from scheduled visits. Children 159 

in the BABYDIAB study had scheduled visits at birth, and at age 9 months, and at 2, 5, 8, 11, 160 

14, 17 and 20 years of age, whereas children in the BABYDIET study had 3-monthly visits 161 

from birth until the age of 3 years, and yearly until the age of 12 years. Measurement of islet 162 

autoantibodies has been described elsewhere (33, 39). Islet autoimmunity was defined by the 163 

development of persistent autoantibodies to one or more of the antigens insulin, GAD65, IA-2 164 

or Zn-T8, and multiple islet autoimmunity by the presence of persistent autoantibodies to 165 

more than one of the antigens. Samples with values above the 99th percentile of control 166 

children were defined as positive. Persistence was defined as positive in at least two 167 

consecutive samples and in the last available sample. Islet autoantibody assays were evaluated 168 

by the Diabetes Autoantibody Standardization Program (40).  169 

 170 

Determination of IGF-1 and IGFBP-3 concentration 171 

Serum IGF-1 and IGFBP-3 concentrations were determined at birth and at the age of 9 172 

months and 2 years in a subset of the children. The analysis was restricted to samples never 173 
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defrosted, including 74 children who developed islet autoantibodies during follow-up (29 174 

samples at birth, 46 samples at age 9 months, 15 samples at age 2 years) and 96 randomly 175 

selected children who remained islet autoantibody negative (48 samples at birth, 51 samples 176 

at age 9 months, 15 samples at age 2 years). IGF-1 and IGFBP-3 concentrations were 177 

determined by an automated chemiluminescence assay (iSYS, IDS) according to the 178 

manufacturer’s instructions. The lower limit of quantification of the assays was 10ng/ml for 179 

IGF-1 and 80ng/ml for IGFBP-3. 180 

 181 

Statistical analysis  182 

Associations between growth parameters and the development of islet autoimmunity were 183 

analyzed by Cox proportional hazards regression. Hazard Ratios (HR) with corresponding 184 

95% confidence intervals (95% CI) were estimated for 2 standard deviations (SD) increases in 185 

growth parameters. All models were calculated without inclusion of covariates (unadjusted) 186 

as well as adjusted for study (using random effects), sex, gestational age, birth weight 187 

percentile and maternal type 1 diabetes status. As information about breastfeeding was 188 

missing in 103 subjects, we adjusted for breastfeeding in a sensitivity analysis only. No 189 

adjustment was made for HLA risk, as this would have violated the proportional hazards 190 

assumption of the Cox regression models. Growth parameters of children were also compared 191 

relative to the presence of HLA risk genotypes as defined by the TEDDY study (41). In a 192 

sensitivity analysis for parameters in the period before infant BMI peak, we excluded children 193 

who developed islet autoimmunity before age 18 months to avoid backward causation. In 194 

another sensitivity analysis, models of growth parameters after infant BMI peak were 195 

additionally adjusted for age at infant BMI peak. 196 

Levels of IGF-1 and IGFBP-3 at 9 months were correlated with the age of infant BMI peak 197 

and compared between children with and without later islet autoimmunity using the Mann-198 

Whitney U test. Linear regression was used to adjust the association between islet 199 
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autoimmunity and IGF1 / IGFBP-3 by maternal type 1 diabetes status, sex, cesarean section 200 

and weight for gestational age status. Statistical significance was determined by an alpha-201 

level of 0.05.  202 

 203 

Results 204 

Growth 205 

Growth indices were calculated from 1011 children (Table 1). Distinct growth phases could 206 

be discerned with infant BMI peak occurring on average at 9 months of age and childhood 207 

BMI rebound at 5 years (Figure 1).  208 

Overall, peak growth velocity was higher in boys compared to girls, and boys had higher BMI 209 

values at infant BMI peak and childhood BMI rebound (Table 2). Maternal type 1 diabetes 210 

during pregnancy, weight for gestational age status, and HLA risk status were also 211 

significantly associated with infant growth. Breastfeeding of three months or more was 212 

associated with lower peak height and weight velocity, but not with other growth parameters 213 

(data not shown). 214 

Within the initial period of increasing BMI, an early age at infant BMI peak was significantly 215 

associated with development of islet autoantibodies (any islet autoantibodies: unadjusted HR 216 

0.64 (95% CI 0.45-0.91) and multiple islet autoantibodies: unadjusted HR 0.59 (95% CI 0.37-217 

0.95) per 2 SD increase in age; Table 3). The associations remained significant after 218 

adjustment for sex, maternal type 1 diabetes status and weight for gestational age status (any 219 

islet autoantibodies: adjusted HR 0.60 (95% CI 0.41-0.87) and multiple islet autoantibodies: 220 

adjusted HR 0.54 (95% CI 0.33-0.89) per 2 SD increase in age). Peak weight velocity, peak 221 

height velocity and BMI at infant BMI peak were not significantly associated with islet 222 

autoimmunity risk. The results were similar if children who developed islet autoimmunity 223 

before age 18 months were excluded (data not shown). 224 
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Examining parameters within the following BMI decrease period, islet autoimmunity risk was 225 

positively associated with BMI difference between infant BMI peak and childhood BMI 226 

rebound (any islet autoantibodies: adjusted HR 1.52 (95% CI 1.04-2.22); multiple islet 227 

autoantibodies: adjusted HR 2.08 (95% CI 1.23-3.51) per 2 SD difference, Table 3), but not 228 

with BMI or age at childhood BMI rebound. After additional adjustment for age at infant BMI 229 

peak, BMI difference between infant BMI peak and childhood BMI rebound was not 230 

significantly associated with islet autoimmunity risk any more (adjusted HR 1.16 (95% CI 231 

0.76-1.75)). The two growth parameters were inversely correlated with each other (Pearson’s 232 

r=-0.50). 233 

Additional adjustment for breastfeeding yielded almost identical results (data not shown). 234 

 235 

IGF-1 and IGFBP-3 236 

Age at infant BMI peak was significantly correlated with IGF-1 (r=0.25, P=0.01), but not 237 

with IGFBP-3 (r=0.03, P=0.77) at 9 months. However, serum concentrations of IGF-1 and 238 

IGFBP-3 at birth, 9 months and 2 years, respectively, were not significantly different between 239 

children who developed islet autoantibodies and children who remained islet autoantibody 240 

negative in unadjusted and adjusted analyses (tables 4 and 5).  241 

 242 

Discussion 243 

Variations in growth and growth signaling molecules have been previously associated with 244 

type 1 diabetes but detailed data on the relationship between islet autoimmunity and growth 245 

within the first year of life is scarce. We investigated growth parameters in early infancy and 246 

observed that early age of infant BMI peak and high BMI difference between infant BMI 247 

peak and childhood BMI rebound were associated with increased risk of islet autoimmunity, 248 

while other growth parameters including peak height and peak weight velocity were not. 249 

However, early age at infant BMI peak was associated with higher BMI difference between 250 
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infant BMI peak and childhood BMI rebound and did partly explain the association of the 251 

latter parameter with islet autoimmunity.  252 

The change in BMI during early infancy (figure 1) is remarkably similar to the change in 253 

incidence of islet autoimmunity during this period (2, 3). It is likely that body composition 254 

changes influence beta cell activity and thus indirectly modify risk of islet autoimmunity. 255 

Supporting this notion, we found subtle differences in children who developed islet 256 

autoantibodies, potentially indicating that children have a higher type 1 diabetes risk if their 257 

body begins to stretch early and / or if they have a pronounced childhood BMI rebound. 258 

Our findings are novel since longitudinal modeling of infant growth in the first years of life 259 

has not been reported in children who develop islet autoimmunity. Added to previous reports 260 

of higher weight or height velocities in children developing islet autoimmunity, there is now a 261 

growing body of evidence that growth demands on the beta cell influence the risk of islet 262 

autoimmunity. This influence appears to be minor, however, and it is unknown whether it can 263 

be extrinsically modified by, for example, diet.  264 

The rationale to use differences of 2 SD for each growth parameter, as was done in most 265 

previous studies on this topic (27-29), was to make changes in these parameters comparable 266 

to each other. Although the magnitude of the differences between islet autoantibody positive 267 

and negative children is insufficient to impact risk assessment, they do provide clues to 268 

possible pathogenetic mechanisms. IGF-1 is an important anti-apoptotic factor, regulates beta 269 

cell growth and survival, and IGF-1 replacement therapies delay onset of autoimmune 270 

diabetes in these models (42). A decrease in IGF-1 concentration after birth may, therefore, be 271 

of relevance to the heightened risk of islet autoantibody seroconversion seen between 6 and 272 

24 months of age (2, 3). We therefore examined whether children who developed islet 273 

autoimmunity differed in IGF-1 and IGFBP-3 concentrations at birth and around the time of 274 

the infant BMI peak. IGF-1 concentrations were associated with the age of the infant BMI 275 

peak and were lower in samples at age 9 months compared to birth suggesting that there is an 276 
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evident relationship between growth velocity parameters and growth signalling molecules. 277 

However, concentrations of both hormones were similar between children with and without 278 

later islet autoimmunity. Thus it seems rather questionable that these growth hormones are in 279 

the causal pathway between early growth / weight gain and islet autoimmunity, although we 280 

cannot exclude that the statistical power of these analyses was too low to detect significant 281 

differences, as these could be performed in only 170 of the 1011 children. The fact that we 282 

had to exclude a large number of children from our analyses because they had fewer than 283 

three growth measurements might be another potential drawback of this study. Further, 284 

considering the relatively low number of events (n=135), we cannot preclude that we missed 285 

associations of islet autoimmunity risk with certain growth parameters due to insufficient 286 

statistical power. It might further be argued that parameters such as peak height and weight 287 

velocity could be too imprecise in general to find meaningful associations with the sample 288 

size of the underlying data. However, in a dataset of a similar size, significant associations of 289 

these growth parameters have been detected with respect to blood pressure measurements in 290 

10-year old children (29). It is also unclear whether these findings in genetically high-risk 291 

children can be generalized to infants in the general population. However, it appears 292 

practically impossible to conduct such a prospectively designed study with frequent 293 

measurement of islet autoantibodies in a general population setting. 294 

In conclusion, our study demonstrates that the risk to develop islet autoimmunity is subtly 295 

affected by early growth, with growth hormones unlikely to be in the causal pathway.  296 

 297 
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Table 1. Characteristics of N=1011 study subjects with at least one of the growth indices peak 450 

weight velocity, peak height velocity, infant BMI peak (BMIP), childhood BMI rebound 451 

(BMIR) determined. Percentages refer to non-missing values. 452 

 
 

Mean (SD) or 
n (%) 

Follow-up in years 14.2 (3.8) 

Peak weight velocity in kg/year 12.0 (2.2) 

Peak height velocity in cm/year 45.9 (8.0) 

Infant BMI peak (BMIP)  

BMI at BMIP in kg/m2 17.0 (1.1) 

Age at BMIP in months 8.9 (0.6) 

Childhood BMI rebound (BMIR)  

BMI at BMIR in kg/m2 15.4 (1.1) 

Age at BMIR in years 5.2 (1.0) 

Gender  

Male 507 (50.1 %) 

Female  504 (49.9 %) 

HLA    

     low and medium risk 680 (67.9 %) 

high risk 321 (32.1 %) 

Gestational age in weeks 38.8 (1.8) 

Birth weight percentiles 56.8 (30.7) 

Weight for gestational age status   

small for gestational age (SGA) 91 (9.1 %) 

appropriate for gestational age (AGA) 706 (70.8 %) 

large for gestational age (LGA) 200 (20.1 %) 

Maternal type 1 diabetes status  

Yes 602 (59.5 %) 

No 409 (40.5 %) 
Breastfeeding  

≥ 3 months 605 (66.6 %) 

< 3 months 168 (18.5 %) 

No 135 (14.9 %) 

Any islet autoantibodies  135 (13.4 %) 

Multiple islet autoantibodies  75 (7.8 %) 

Type 1 Diabetes 46 (4.5 %) 

Development of autoimmunity in years  5.4 (4.0) 
 453 
 454 
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Table 2. Mean (SD) of growth indices stratified by study characteristics  
 

 Gender  
Maternal type 1 diabetes 

status  
 HLA risk 

 
Weight for gestational age status 

 male female  yes no  normal high  SGA AGA LGA 

Peak weight velocity  13.1a (1.9) 10.9 a (1.9)  12.0 (2.2) 12.1 (2.2)  12.1a (2.2) 11.8a (2.1)  12.2 (1.9) 12.0 (2.1) 11.8 (2.4) 

Peak height velocity 48.0 a (7.6) 43.8 a (7.9)  46.3a (8.5) 45.3a (7.2)  46.4a (8.2) 44.8a (7.6)  50.8b (8.0) 46.3b (7.7) 42.5b (7.6) 

Infant BMI peak (BMIP)             

   BMI at BMIP  17.3a (1.1) 16.7a (1.1)  17.1a (1.1) 16.9a (1.1)  17.0 (1.1) 17.0 (1.1)  16.5b (1.1) 16.9b (1.1) 17.6b (1.1) 

   Age at BMIP (months) 8.8 (0.6) 8.9 (0.6)  8.8a (0.6) 8.9a (0.6)  8.9 (0.6) 8.9 (0.6)  9.1b (0.6) 8.9b (0.6) 8.7b (0.5) 

Childhood BMI rebound 

(BMIR) 

            

   BMI at BMIR 15.5a (1.1) 15.3a (1.1)  15.5a (1.1) 15.3a (1.1)  15.4 (1.1) 15.4 (1.1)  15.0b (1.1) 15.3b (1.1) 15.9b (1.1) 

   Age at BMIR (years) 5.3 (1.0) 5.2 (1.0)  5.2 (1.1) 5.3 (1.0)  5.2 (1.1) 5.3 (1.0)  5.3b (1.1) 5.3b (1.0) 5.0b (1.1) 

Difference BMIP and 

BMIR 

            

BMI difference 1.8a (1.0)  1.4a (1.0)   1.6 (1.0)  1.6 (1.0)  1.6 (1.0) 1.7 (0.9)  1.5 (1.1) 1.6  (1.0) 1.6 (1.0) 

Age difference (years) 4.5 (1.0) 4.5 (1.0)  4.5 (1.0) 4.6 (1.0)  4.5 (1.0) 4.5 (1.0)  4.6b (1.1) 4.6b (1.0) 4.3b (1.0) 
a P-value of  t-Test <0.05 bP-value from ANOVA <0.05 
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Table 3.  Hazard rates (HR) for risk of islet autoimmunity by early growth parameters (one per model) with and without adjustment for study 

(random effect), gender, gestational age, birth weight percentile and maternal type 1 diabetes status. 

 

 Any islet autoantibodies  Multiple islet autoantibodies 

 
Unadjusted 

HRa (95% CI) 
P 

Adjusted 

HRa (95% CI) 
P 

 Unadjusted 

HRa (95% CI) 
P 

Adjusted 

HRa (95% CI) 
P 

Peak weight velocity  0.95 (0.68-1.33) 0.767 1.01 (0.68-1.51) 0.950  1.18 (0.75-2.13) 0.466 1.38 (0.82-2.34) 0.230 

Peak height velocity 1.00 (0.71-1.40) 0.982 1.07 (0.70-1.62) 0.760  0.84 (0.52-1.35) 0.471 0.84 (0.47-1.52) 0.580 

Infant BMI peak (BMIP)          

BMI at BMIP 1.03 (0.73-1.44) 0.871 1.07 (0.73-1.56) 0.740  1.37 (0.87-2.15) 0.176 1.47 (0.89-2.44) 0.130 

Age at BMIP 0.64 (0.45-0.91)  0.013 0.60 (0.41-0.87) 0.007  0.59 (0.37-0.95)  0.029 0.54 (0.33-0.89) 0.016 

Childhood BMI rebound 

(BMIR) 

         

BMI at BMIR  0.78 (0.55-1.13) 0.192 0.76 (0.52-1.12) 0.160  0.81 (0.49-1.32) 0.397 0.76 (0.45-1.28) 0.300 

Age at BMIR 1.07 (0.75-1.52) 0.720 1.12 (0.78-1.62) 0.530  1.18 (0.73-1.90) 0.509 1.30 (0.79-2.15) 0.300 

Difference BMIP and 

BMIR 

         

BMI difference  1.44 (1.00-2.07) 0.049 1.52 (1.04-2.22) 0.032  1.87 (1.14-3.06) 0.013 2.08 (1.23-3.51) 0.006 

Age difference  1.04 (0.76-1.54) 0.838 1.09 (0.76-1.57) 0.640  1.10 (0.75-1.92) 0.451 1.33 (0.81-2.19) 0.250 

 
a per 2 SD increase in growth parameters: 4.3 kg/year for peak weight velocity;  16 cm/year for peak height velocity; 1.2 months for age at BMIP; 2.1 kg/m2 for BMI at BMIP; 
2.1 years for age at BMIR; 2.2 kg/m2 for BMI at BMIR 
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Table 4. Serum concentrations of IGF-1 at birth, 9 months and 2 years. 
 
  IGF-1 (ng/ml), Median (IQR)   

 N At birth N 9 months N 2 years 

Islet autoantibody status       

     positive 29 82.6 (71.0-99.7) 46 35.0 (27.0-53.0) 15 48.4 (27.2-59.1) 

          negative 
 

48 79.5 (62.6-101.6) 51 34.3 (25.0-54.0) 15 46.9 (31.6- 64.1) 

Gender       

     Male 34 77.0 (61.8-96.0) 54 32.3 (24.0-45.3) 16 47.0 (29.0-59.5) 

     Female 43 87.0 (69.0-103.0) 43 43.0 (28.5-59.6) 14 51.7 (31.6-62.2) 

Maternal type 1 diabetes status       

     Yes 23 79.0 (54.1-95.0) 32 39.5 (31.6-57.0) 16 49.1 (31.5-67.7) 

     No 54 82.5 (67.0-101.8) 65 32.4 (25.3-47.0) 14 47.5 (30.8-62.2) 

Cesarean section       

     Yes 20 74.1 (56.8-89.4) 35 37.0 (31.0-59.6) 9 47.0 (41.6-62.2) 

     No  55 86.0 (67.0-104.0) 60 33.6 (23.5-47.3) 21 48.4 (30.8-59.1) 

Large for gestational age 
status (LGA) 

      

     Yes 19 94.0 (82.6-101.9) 20 45.2 (30.2-60.0) 6 47.1 (34.9-54.8) 

     No  53 76.7 (61.1-99.7) 73 33.1 (26.0-49.0) 24 48.3 (31.1-63.2) 
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Table 5. Serum concentrations of IGFBP-3 at birth, 9 months and 2 years. 
 

 
* P-value of Mann-Whitney-Test <0.01 

  
IGFBP-3 (ng/ml), Median (IQR) 

  

 N At birth N 9 months N 2 years 

Islet autoantibody status       

positive 29 1684 (1525-1922) 46 2108 (1627-2725) 15 2702 (2365- 3111) 

negative 
 

48 1582 (1396-1812) 51 2220 (1801-2655) 15 2639 (1953-2774) 

Gender       

Male 34 1566 (1425-1774) 54 1968 (1587- 2365) 16 2539 (1990-2713) 

Female 43 1661 (1445-1905) 43 2448 (1824-2796) 14 2869 (2454-3111) 

 
Maternal type 1 diabetes status 

      

Yes 23 1655 (1390-1922) 32 2352 (1854-2824) 16 2689 (2048-3177) 

No 54 1627 (1443-1814) 65 2011 (1648-2537) 14 2671 (2365- 2774) 

Cesarean section       

Yes 20 1517 (1318-1707) 35 2198 (1802-2464) 9 3097 (2774-3300) 

No 55 1684 (1481-1922) 60 2079 (1632-2734) 21 2572 (2142-2724) 

Large for gestational age 
status (LGA) 

      

Yes 19 1661 (1524-1922) 20 2514* (2168-2995) 6 2410 (2142-2639) 

No  53 1631 (1409-1884) 73 2080* (1648-2476) 24 2713 (2209-2967) 
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Figure Legend 

Figure 1. Mean of body mass index (BMI) values with 95% confidence intervals over time 

connected via piecewise polynomial splines (BMIP: Infant BMI peak, BMIR: childhood BMI 

rebound) in boys and girls, respectively.  

 
 

 
 
 


