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Abstract

Background—Individuals with type 1 diabetes may have low IGF-1, related to insulinopenia 

and insulin resistance. There are few longitudinal studies of IGF-1 levels to establish its pattern in 

type 1 diabetes with duration and age, and to examine whether IGF-1 tracks within individuals 

over time. We examine age and duration trends, and the relationship of IGF-1 to gender, glycemic 

control, insulin level and other factors.

Methods—Participants in the Wisconsin Diabetes Registry Study, an incident cohort study of 

type 1 diabetes diagnosed May 1987-April 1992, were followed for up to 18 years with IGF-1 

samples up to age 45 for women and age 37 for men..

Results—IGF-1 is lower with type 1 diabetes than in normative samples. Although, the pattern 

across age resembles that in normative samples with a peak in adolescence and slow decline after 

age 20, the adolescent peak is delayed for women with type 1 diabetes. There was low to moderate 

tracking of IGF-1 within individual. Higher insulin dose was associated with higher IGF-1 as was 

puberty, and female gender. Adjusted for these factors, IGF-1 declined rapidly across early 

diabetes duration. Lower HbA1c was most strongly related to higher IGF-1 at Tanner stages 1 and 

2.

Conclusions—IGF-1 is low in type 1 diabetes, with a delayed adolescent peak in women and is 

especially influenced by glycemic control in early and pre- adolescence. High variability within 

individual is likely a challenge in investigating associations between IGF-1 and long term 

outcomes, and may explain contradictory findings.
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Introduction

Insulin like growth factor (IGF-1) is a hormone, similar in structure to insulin, that plays an 

important role in childhood growth and continues to have anabolic effects in adults, as it is 

involved in the regulation of growth and cellular proliferation [1,2]. In glucose metabolism, 

lower than normal IGF-1 has been shown to be related to insulinopenia, as IGF-1 is part of a 

complex feedback loop where low values lead to higher insulin resistance through growth 

hormone hypersecretion [3–7].

Studies aiming to establish reference values for IGF-1 demonstrate that IGF-1 serum level 

increases in children with age, reaching its peak during puberty, followed by a subsequent 

decline in adulthood [8–14]. A similar pattern with age has been found in individuals with 

diabetes [15,16]. However, most studies show that IGF-1 levels are lower than in the general 

population with both type 1 (T1D) [15, 17–19] and type 2 diabetes, at least below age 65 

[19].

The relationship of IGF- 1 to diabetes complications has received considerable attention 

with contradictory results. Low levels have been found to be related to low bone formation 

and osteoblast function [15,18], microalbuminuria [20], and limited joint mobility [20,21]. 

Both high and low IGF-1 have been found associated with higher risk of diabetic 

retinopathy. The evidence was critically reviewed by Janssen and Lamberts [22], leading 

them to conclude that low IGF-1 more likely increases the risk of complications including 

retinopathy. They hypothesize that the early and continued decline in IGF-1 during aging 

may result in insufficient protective effects in target tissues (kidneys, eyes, neurons). In 

general, studies of the relationship between IGF-1 and complications have been very small 

and the relationships remain controversial [23].

There are few or no longitudinal studies of IGF-1 levels in individuals with T1D to paint a 

picture of the pattern with duration and age, and to examine whether IGF-1 tracks in an 

individual over time. Cross-sectional studies including at least 50 individuals, addressed 

adults age 20–60 [17], adolescents and adults [15] and individuals age 17 and younger 

shortly after diagnosis [16]. Even adults in excellent glycemic control had low IGF-1 [24].

A few studies investigated what individual characteristics and diabetes care features are 

associated with IGF-1, and came to contradictory conclusions. One study followed 11 

children with T1D for a month after diagnosis and found that IGF-1 increased with insulin 

therapy and better glycemic control [4]. The authors concluded that an insulinopenic state 

has effects on IGF-1 regulation similar to those of nutritional deprivation. Others have 

similarly found IGF-1 levels to be higher with better glycemic control [16], but one study of 

adults [25] found relationships of IGF-1 with HbA1c and insulin only among men.
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The Wisconsin Diabetes Registry study has now followed a cohort from diagnosis up to 20 

years duration. IGF-1 was measured close to diagnosis [16], from stored samples up to 9 

years duration and in a study of bone density in women at 13–18 years duration. This allows 

us to examine age and duration trends between 1 and 36 years of age, and the relationship of 

IGF-1 to gender, glycemic control, insulin level and a number of other factors. In addition, 

we compare the age trend in our cohort with that in one of the normative studies of IGF-1 

that covered a wide age range [13].

Materials and Methods

Description of participants

The Wisconsin Diabetes Registry Study (WDRS) is a prospective study of long-term 

complications and their risk factors in children, adolescents, and young adults with T1D. 

Details of case recruitment and ascertainment have been described previously [26]. In brief, 

from May of 1987 through April of 1992, all persons newly diagnosed with T1D who were 

≤ 30 years of age and lived within a defined area (28 counties) in central and southern 

Wisconsin were eligible. Individuals were referred by physician, nurse, diabetes educator, 

family or self. Hospitals and clinics in the study area were called every three months to 

ascertain any missed cases. A total of 733 individuals were identified (overall case 

ascertainment rate of 82 percent), of whom 597 enrolled, with fewer adult and non-white 

persons participating. The Institutional Review Board for the protection of human subjects at 

the University of Wisconsin-Madison approved the informed consent process and methods 

of this study.

Data and specimen collection relevant to present analysis

Birth date, diagnosis date and sex were obtained at a baseline telephone interview and age 

and duration calculated.

Clinical examinations were offered to cohort members residing in the southern part of the 

study area at baseline. Follow-up examinations were offered at four, seven, nine, fourteen 

and twenty years post-onset, but IGF-1 was not measured at the last two exams. Details on 

participation and procedures at the baseline through fourteen year exams have been provided 

previously [26]. In addition, a subgroup of 89 women participated in an ancillary study of 

bone density at 13–18 years duration [27]. Data from plasma samples, height and weight, 

and pubertal status obtained at these examinations are used for the present analysis. Height 

was measured by standard stadiometer height rod fixed to the Healthometer physician beam 

scale used for weight. BMI was computed as weight in kg divided by height in meters 

squared. Subjects aged 10–17 assessed their Tanner stage [1–5] based on illustrations of 

genitalia [16, 28].

Diabetes self-management data, including insulin dose in units (by injection or insulin 

pump) were collected during the initial baseline interview and every six to 12 months 

throughout follow-up by mailed questionnaire [29]. Subject height and weight were obtained 

by self-report via these questionnaires in addition to the clinic measurements. Insulin dose 

per kg of body weight was obtained from the clinic weight if within 6 months prior to the 

Palta et al. Page 3

Diabetes Metab Res Rev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



questionnaire, and from self reported weight otherwise. Insulin dose per kg was averaged 

across the year of age at IGF-1 measurement.

Glycosylated hemoglobin testing—Participants were mailed kits every four months up 

to year 2000 and yearly in 2001–2002 to take to their clinic for sample collection. Anti- 

coagulated whole blood samples were hand delivered or mailed to a central laboratory and 

analyzed within 7 days for total glycosylated hemoglobin. Details of the assay and rationale 

for its use in this study were published previously [30,31]. A DCCT equivalent Hemoglobin 

A1c (HbA1c) was calculated from GHb values, following split sample testing (n=154) for 

GHb in the central laboratory and for HbA1c at the core DCCT laboratory at the University 

of Minnesota (Minneapolis, MN), by the regression equation: HbA1c= 0.786 + 0.797(GHb) 

- 0.006(GHb2). Samples from the bone density study were analyzed for HbA1c at the DCCT 

core laboratory. HbA1c values were averaged across the year of age at IGF-1 measurement.

Measurement of IGF-1

IGF-1 measurements on plasma were obtained at three study stages by three different 

methods and transformed to Diagnostic Systems Laboratories (DSL) (Sinsheim, Germany) 

equivalent values by equations provided by Krebs et al. [32] and by Ranke et al. [33]. 

Equivalence of the transformed IGF-1 values across methods was assessed by testing 

indicator variables for method in the final regression model and extensive inspection of 

residuals by age.

IGF-1 was determined during 1987–1992 once on subjects with available plasma samples 

obtained at baseline examinations, by radioimmunoassay RIA as reported earlier [16]. We 

refer to this study stage as “baseline”. These 180 measures cover a T1D duration range of 2 

months to 2 years and an age range of 1 to 29 years. Based on Ranke et al. [33], values were 

transformed to DSL equivalents via

RIA based values at or below 29 (n=10) were left untransformed to avoid negative IGF-1, 

although results of analyses did not differ either way.

During 2006–2011, plasma samples from examinations, selected as those containing 

sufficient volume, stored at −80°C since collection, were thawed and analyzed for IGF-1 by 

the method of Siemens solid-phase enzyme-labeled chemiluminescent immunometric assay 

performed on the Immulite 2000 at Fairview Laboratories, Minneapolis, Minnesota. We 

refer to this study stage as “longitudinal”. It resulted in 136 measurements on 96 individuals 

with durations ranging from 3 to 9 years and ages between 3 and 37 years. As evaluated by 

Krebs et al. [32], this method has the smallest within and between day coefficient of 

variation among five assays investigated. Values from this assay were converted to DSL 

equivalents via the equation [32]:
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Finally, as part of the study on bone density [27] plasma samples were collected and tested 

for IGF-1 by the chemiluminescent immunoassay from Nichols in 2005–2006 at the ARUP 

Laboratories, University of Utah. We refer to this study stage as “bone study”. It resulted in 

89 samples from 89 women covering durations of 13–18 years and an age range of 18 to 45 

years. Following Krebs et al. [32] values were converted to DSL equivalent via:

In total, 258 individuals had at least one measure of IGF-1, and of these 90 had 2–5 

measures and 43 at least 3 measures. The total number of IGF1 measurements was 404 with 

duration of 2 months to 18 years, and with at least one measurement at every year of age 

from 1 to 35, and 10 measurements above age 35. Three observations had to be excluded 

from the final predictive model as Tanner stage was not available.

Statistical analysis

Analyses were performed in SAS 9.2 (Cary, NC). Means (standard deviations) and 

percentages for all included variables, are presented across individuals, as well as across all 

observations.

Mixed models were fit with random individual intercepts and robust standard errors to 

accommodate repeated measures. Cubic spline functions of IGF-1 on age with 1 knot at age 

20, resulted in good fit. This structure was used for: (1) A model on age only for graphing 

the relationship between age and mean IGF-1, overall. (2) A model on age and gender. (3) A 

final model, built by adding all variables to the age, gender model, and retaining those that 

remained significant (at p<0.05). All interactions between variables were investigated and 

retained if significant (p<0.05). The three study samples had considerable overlap in age, but 

not duration, and duration was therefore fit separately within the longitudinal and bone study 

samples. Duration varied little among the baseline samples and was set to 0 for these 

samples. For model (2) we also report the within individual correlation as a measure of 

tracking. Model fit was checked by residual plots. A sensitivity analysis limited models to 

the longitudinal study. Histograms of residuals indicated that IGF-1 was fairly normally 

distributed conditionally on age and other covariates, and that no transformation was 

necessary.

Comparison with normative values

We compared the relationship of mean IGF-1 to age for men and women separately to those 

from the study by Brabant et al. of individuals without diabetes [13]. For the comparison, we 

graphed mean IGF-1 across two year intervals from our study, and used the equations 

provided by Brabant et al. We selected this comparison as having a large sample size of 

individuals of European heritage similar to our sample and a wide age range. Brabant et al. 

analyzed sera by the Nichols method, considered equivalent to DSL for adults by Ranke et 

al. [33], but needing an addition of 35.5 for DSL equivalents according to Krebs et al. [32]. 

Based on our regression analysis comparing residuals at each age, we found the latter 

transformation leading to better consistency in our data, and added 35.5 to the IGF-1 means 

of Brabant et al. prior to graphing. Brabant’s means were obtained by transforming IGF-1 to 
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the power 0.4 and then back-transforming the means. Doing so in our data resulted in means 

undistinguishable from those using untransformed analyses. However, we applied the 

transformation for comparing the standard deviations provided by Brabant et al. to those 

estimated from our data.

Results

Table 1 shows sample descriptive statistics. Differences in characteristics across persons 

versus measures reflect that individuals with a larger number of follow-up points are 

followed into older age and longer durations. The age averaged across IGF-1 sampling is 

late adolescent, but the majority of IGF-1 measurements were in Tanner stages 1 or 5. 

Approximately half the IGF-1 measures were obtained at baseline and half at one of the 

follow-up exams. As a result of including data from the bone density study, women had 

more IGF-1 measures than did men.

Figure 1 shows a scatter plot of the IGF-1 data across age and the result of fitting a curve to 

the relationship. The graph indicates similarity of (transformed to DSL) results from the 

three study stages and good fit of the curve. IGF-1 rises rapidly during childhood and early 

adolescence, reaches a peak in mid adolescence and declines at a slow rate after age 20. 

Values far from the mean occur in both directions, especially during adolescence. Adding 

sex to the equation (model 2) indicated that women had on average 28 ng/ml higher IGF-1 

(p=0.005) but declined more rapidly after age 20 (p=0.002). The relationship of IGF-1 to 

age was almost identical in the full and longitudinal samples. There was statistically 

significant, but substantively small tracking of IGF-1 within individual in the full sample, 

with an intraclass correlation between residuals of r=0.20 (p=0.009). Tracking was higher 

within the longitudinal group at r=0.49 (p=0.001). Comparing standard deviations of 

(IGF-1)0.4 around the age and sex trend with those of Brabant et al. showed a higher 

standard deviation across all data and methods in our study (1.37 versus 1.18), but a lower 

standard deviation within our longitudinal sample (1.04).

Figures 2 and 3 show mean IGF-1 by age separately for women and men compared to the 

age trends in the sample without diabetes of Brabant et al. [13]. IGF-1 in our sample is 

substantively lower, except for at the older ages, where the sample size in our study is small. 

For women, there also appears to be a delay in the adolescent peak in IGF-1 with T1D.

Table 2 shows the relationships of general and diabetes related characteristics to IGF-1, after 

adjusting for age and sex. In this model, differences between methods of IGF-1 

measurement were small and not statistically significant. There was a strong negative 

duration trend on IGF-1 between 4 and 9 years duration, but no association at longer 

durations. IGF-1 for women remained higher than for men in the full model, and declined 

faster after age 20. Higher insulin dose is moderately associated with higher IGF-1, as is 

lower HbA1c at puberty and post puberty. HbA1c was much more strongly related to IGF-1 

at Tanner stages 1 and 2. Conversely, the lower IGF-1 at Tanner stages 1 and 2 was 

amplified by higher HbA1c. Tanner stage was strongly associated with IGF-1 even taking 

age into account. Weight was significant for women with a low coefficient. Regression 

coefficients for all variables were very similar when restricting the analyses to the 
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longitudinal subsample, although statistical significance was not present for all variables, 

due to the smaller sample size.

Associations of IGF-1 with other available variables including height and BMI were not 

statistically significant, nor were other interactions.

Discussion

The results of our relatively large study following an incident cohort with T1D support 

previous findings that IGF-1 is lower with T1D than in normative populations of the same 

age and gender. We found that although IGF-1 rises during adolescence in a pattern similar 

to that in non-diabetic individuals, the peak is lower on average for both girls and boys, and 

may in addition be delayed for girls. This latter finding is consistent with our report of 

delayed menarche in girls with T1D in poor glycemic control [34]. Indeed, we found that the 

association of higher HbA1c with lower IGF-1 is particularly strong during pre- and early 

puberty. We also found that IGF-1 declined most rapidly during the first decade with 

diabetes, and that higher insulin dose was associated with higher IGF-1. These associations 

with diabetes characteristics yield further credence to T1D causing lower IGF-1 levels, and 

the potential relationship of IGF-I to glycemic control in early puberty.

Our results supply detail to previous findings that concentrated on hyperglycemia and low 

insulin availability as risk factors for low IGF-1 with T1D [4,24–25]. Finding these 

associations can be elusive for several reasons. First of all, IGF-1 is part of a feedback loop, 

where individuals with lower IGF-1 also have higher insulin resistance, possibly concealing 

the effect of higher insulin dose. The lag time of the effect of exogenous insulin is not 

known, but may be short, making it difficult to track associations. Similar difficulties may 

accompany studying the effect of hyperglycemia on IGF-1. Nonetheless, diabetes 

management behaviors may be consistent over short time periods, and hence associations 

were discernible, although most likely underestimated.

Second, information on management behavior, including insulin dose, must by definition 

rely on self report. Hence, associations may be weakened by recollection errors. These are 

magnified when dose must be converted to per kilogram, and the individual may not have 

been weighed recently. In our data, almost all individuals were weighed close to IGF-1 

measurement, but wide fluctuations in weight were not uncommon. We averaged insulin 

dose over a year close to the sampling of IGF-1, as other ways of choosing time points for 

dose and weight would have been no less arbitrary.

The measurement of IGF-1 has proven challenging, and methods have changed with time, 

compromising comparability in long term follow-up. Investigations of Ranke et al. [33] and 

Krebs et al. [32] illuminated the differences, and derived formulas for translation between 

methods. There is no certainty that their equations apply at all levels of IGF-1 and for 

individuals with different characteristics. The equations reconciled differences between 

some normative studies [8–14], but increased differences between others. In addition, it has 

been found that different methods of preparing samples have poorer agreement in 

individuals with diabetes than in those with normal glucose metabolism [35]. Nonetheless, 
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use of the equations appears to have largely reconciled results from samples analyzed in our 

study by three different methods.

It is difficult to assess exactly how much lower IGF-1 is with T1D. The study we chose for 

comparison [13] had lower IGF-1 than other normative studies, so from this angle our 

comparison is conservative. However, our IGF-1 measures arose from plasma samples, 

while most or all normative studies used sera. One study showed plasma levels to be lower 

than serum levels [36].

Research into factors affecting IGF-1 including age have used different statistical models. 

IGF-1 was often transformed by log, square root or other power functions, and then mean 

values were back-transformed [8–13]. As these approaches do not estimate the actual mean 

IGF-1 by e.g. age, results are difficult to compare. We found, that since our data were fairly 

symmetrically distributed at each age, a transformation had little effect. However, this would 

not be the case in studies with more skewed distributions of IGF-1.

We found a very moderate level of tracking in IGF-1 across time in the same individual. 

Several factors may contribute to this. For example, there may be unmeasured, and not 

concurrently enough measured aspects of diabetes management and life style affecting 

IGF-1. It has been shown that IGF-1 fluctuates with diet [37] and possibly exercise, 

although the evidence for the latter is weak and has been considered mostly in much older 

individuals [38].

It is quite likely that sample preparation and measurement accuracy plays a role. A wide 

range of same-day coefficients of variation have been reported for the various assays, and 

most have been below 10%. In comparison, our within person variability is high. However, 

the variation in our sample was quite comparable to that found by Brabant et al. [13] in their 

normative sample. Our longitudinal data allow us to split this variability into between and 

within person components. Disturbingly we find that much of it occurs within person. One 

may assume that the use of different assay techniques increased this variation. Notably, the 

variation was smaller when limiting analysis to the longitudinal subgroup. In addition to the 

consistency of method in this subgroup, the Siemens technique used in this study stage has 

been reported to be more accurate than other methods by Krebs et al. [32]. Another 

possibility that measures closer in time may be more highly correlated, was not supported by 

fitting different correlation structures to the data.

Low and high IGF-1 have been linked to a number of T1D complications, but this also has 

remained somewhat elusive, and almost all studies of the associations to date have been too 

small. Our results illuminate that it is challenging to identify associations between IGF-1 

and long term complications, even when they exist. If within individual values do not track 

well, it may be exceedingly error prone to classify individuals as low or high in the long 

term, and a very large sample size will be required. The pattern we found with age, duration 

and diabetes care, also means that these variables need to be adjusted for when comparing 

individuals with and without diabetes complications. This presents difficulties in population 

based and clinical research, and even more so in the applications to clinical practice. At a 
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minimum, better understanding of the sources of variation is essential. There is hope that 

newer assays may produce more accurate results [39].

Nonetheless, physiologic studies and the association of low IGF-1 with suboptimal diabetes 

management present an opportunity for better understanding glycemic control. Our findings 

also point to the potential special importance of IGF-1 in the prepubertal child with T1D, i.e. 

at the earliest duration of T1D.
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Figure 1. 
Relationship of IGF-1 from the Wisconsin Diabetes Registry Study of Type 1 diabetes to 

age. Values from three study stages are transformed to DSL equivalents.
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Figure 2. 
Comparison of normative mean IGF-1 of men in Brabant et al. [13] to mean IGF-1 from the 

Wisconsin Diabetes Registry Study of Type 1 diabetes. All values are transformed to DSL 

equivalents.
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Figure 3. 
Comparison of normative mean IGF-1 of women in Brabant et al. [13] to mean IGF-1 from 

the Wisconsin Diabetes Registry Study of Type 1 diabetes. All values are transformed to 

DSL equivalents.
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Table 1

Description of individuals and total observations

Variable Mean(SD)or % across persons
N=258

Mean or % across observations ‡
N=404

N per person 1.6 (0.89)

IGF-1 (ng/ml) DSL equivalent 185 (104) 191

Baseline exam 54% 44%

Longitudinal 24% 34%

Bone study 23% 22%

Women 55% 61%

Age (years) 16 (9.1) 17

Duration (years) 5.2 (5.2) 5.9

Height (cm) 149 (25.7) 151

Weight (kg) 53 (24) 55

BMI (kg/m2) 21.9 (5.4) 22.2

HbA1c (%) 8.3 (1.7) 8.5

Insulin dose/kg 0.75 (0.28) 0.77

Tanner stage 1† 36% 32%

Tanner stage 2† 3.4% 3.5%

Tanner stage 3† 6.4% 5.5%

Tanner stage 4† 8.5% 10%

Tanner stage 5† 45% 49%

†
Tanner stage was available for n=255 individuals n= 401 observations.

‡
SD not provided due to correlation between observations on same individual.

Diabetes Metab Res Rev. Author manuscript; available in PMC 2015 November 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Palta et al. Page 16

Table 2

Relationship of covariates to mean IGF-1 (DSL units) in full model, adjusted for age relationship to mean 

IGF-1.

Variable Difference in mean IGF-1 Standard error Of difference p-value

Duration per year during 4–9 years (Longitudinal)† −10.1 2.3 <0.0001

Women vs. men (at age 20 and 50 Kg)# 31 10.1 0.002

Weight for women(/Kg) 0.66 0.21 0.002

Insulin dose (0.10 unit/kg) 2.9 1.3 0.03

HbA1c (%) for Tanner stage 1–2‡ −16.1 3.6 <0.0001

HbA1c (%) for Tanner stage 3–5‡ −6.1 2.7 0.02

Tanner stage 3–5 vs 1–2 (at mean HbA1c=8.5%)‡: 121 24 <0.0001

#
p=0.05 for sex by weight interaction

†
p=0.006 for duration by study stage interaction

‡
p=0.03 for Tanner stage 1–2 versus 3–5 by HbA1c interaction

Diabetes Metab Res Rev. Author manuscript; available in PMC 2015 November 01.


