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Abstract 
Aim: To investigate whether children with family history of diabetes (FHD) in 
second-degree relatives (grandparents, aunts/uncles) are at increased risk 
of developing obesity and diabetes, and whether this risk differs between 
transmission through the maternal or paternal line.

Methods: In the multi-ethnic population-based cohort ABCD-study we compared 
body mass index (BMI), waist-to-height-ratio (WHtR), fat percentage (fat%), 
fasting glucose, and C-peptide in 5-6 year old children without second-degree 
FHD (n=2226), to children with maternal only (n=353), paternal only (n=281) or 
both maternal and paternal (n=164) second-degree FHD. Children of diabetic 
mothers or fathers were excluded.

Results: Children with no, maternal, paternal or both maternal and paternal 
second-degree FHD did not differ in body composition after adjustments for 
maternal, paternal and childhood covariates. However, children with both 
maternal and paternal second-degree FHD had increased C-peptide (0.03 nmol, 
95%CI: 0.01-0.05) compared to children with no, maternal or paternal family 
history of diabetes. Results were similar when analyses were restricted to only 
Dutch children. 

Conclusion: Children with FHD in second-degree relatives on both the maternal 
and paternal side have higher C-peptide levels already at early age. This might 
be the result of a double burden of a shared obesogenic lifestyle, or of more 
diverse diabetogenic genes compared to children without FHD or with only one 
grandparent, uncle or aunt with diabetes. Second-degree FHD could be used as 
screening tool in public health to identify children at risk of adverse metabolic 
outcomes and a possible future disease risk.
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Introduction
Family history of diabetes (FHD) reflects a combination of genetic susceptibility and 
shared environmental and behavioural factors.1 Environmental and behavioural 
factors are modifiable factors that can possibly decrease future disease risk of 
diabetes. Persons with FHD are often more aware of their future disease risk and 
more motivated to adhere to a healthy lifestyle.2 Therefore, FHD could possibly be 
used as a public health tool to identify children at risk of developing diabetes in later 
life and preventing the development of the disease by lifestyle modification.1 

First-degree relatives of patients with diabetes are at an increased risk of developing 
the disease themselves,3-7 and even if they are non-diabetic, their body composition 
and metabolic parameters are increased compared to people with no FHD.4,8-15 Not 
only first-degree relatives are at increased risk, also second-degree relatives are at a 
twofold increased risk of developing diabetes or have adverse metabolic outcomes 
themselves.14,16-21 Most studies investigating the influence of FHD in second-degree 
relatives are performed in young teens, and already found differences in body 
composition and glucose metabolism between children with and without FHD.17-19 
This raises the question whether these differences are already present in preschool 
aged children. Moreover, some previous studies had small study samples and/or 
only included overweight or obese children,17,19-21 which hampers generalizability to 
the general population . 

Most of the studies described above did not distinguish between maternal or 
paternal line of FHD. Maternal FHD could have more influence on outcomes than 
paternal FHD, if mothers, as first-degree relatives of patients with diabetes, have a 
more adverse metabolism, to which the children are exposed in utero.4,8-15 Children 
with maternal FHD could also inherit their mother’s mitochondrial DNA, containing 
possible pathogenic mutations deregulating glucose metabolism.22-24 Two studies in 
children with overweight confirm the hypothesis that maternal FHD has a stronger 
influence than paternal FHD in second-degree relatives: children with maternal FHD 
had a greater decline in insulin sensitivity over time, a markedly increased glucose 
tolerance and significantly greater elevations in insulin levels.19,20 This association 
warrants further investigation to elucidate whether this also holds in the general 
population.

This study extends previous studies by studying the effects of FHD in second-degree 
relatives of maternal, paternal and both maternal and paternal second-degree FHD 
separately. Moreover, we study the effect of second-degree FHD on body composition 
and glucose metabolism at a younger age than in most previous studies and in a 
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non-overweight population. If the influence of second-degree FHD is already clear at 
age 5-6 years, FHD could be used as a public health tool to identify young children 
who are at risk of adverse metabolic outcomes and possibly future disease risk. 

Methods
The present study is part of the Amsterdam Born Children and their Development 
(ABCD) study (www.abcd-study.nl) a large prospective multi-ethnic birth cohort. The 
main goal of the ABCD-study is to examine and determine factors in early life that 
might explain the later health of the child, and the differences in health between 
children. The design of this study has been described previously.25 The present study 
was conducted according to the guidelines laid down in the Declaration of Helsinki, 
and all procedures involving human subjects were approved by the review boards 
of all Amsterdam hospitals and the Registration Committee of Amsterdam. Parents 
gave their written informed consent for the participation of all children in this study. 
Informed consent was given for anthropometric measurements and fasting blood 
collection separately.

Study population

In 2003-2004, 12373 women in Amsterdam were approached to participate in 
the ABCD-study at their first visit to the prenatal caregiver. All women were sent 
a pregnancy questionnaire, which covered socio-demographic characteristics, 
obstetric history, lifestyles and emotional problems. Of these women, 8266 returned 
the questionnaire, a response rate of 67%. 7050 women gave permission to follow-
up their child after birth. When the child turned 5 years, 6161 mothers were sent a 
questionnaire, which 4488 (response rate of 73%) returned. A subsample of these 
children attended the ABCD health check (n=3321) of which 2010 also provided a 
blood sample. We excluded children whose mother (n=88) and/or father (n=60) 
had diabetes to exclude confounding by the direct programming effect of diabetes. 
Children born with congenital anomalies (n=98) were also excluded, as well as 
children missing valid measurements on outcome variables (n=51). This resulted in 
a study sample of 3024 singleton children (mean age= 5.7 years) with at least one 
of the following measurements available: BMI, waist-to-height-ratio (WHtR) fat-
percentage, fasting blood glucose, and C-peptide (Figure 1). 
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Family history of diabetes mellitus

Maternal only, paternal only or both maternal and paternal FHD in second-degree 
relatives was based on self-reported data in the 5-6 years questionnaire in which 
the mother was asked whether any of her parents and/or siblings had diabetes and 
whether any of the parents and/or siblings of the biological father of the child had 
diabetes. FHD in second-degree relatives was divided into four distinctive groups: 
no FHD (n=2,226), maternal (n=353), paternal (n=281) or both maternal and paternal 
(n=164) FHD. 

Outcome measurements

Outcomes were measured at the ABCD health check at a mean age of 5.7 years 
(SD=0.5). BMI and WHtR were computed from weight measured to the nearest 100 
g using a Marsden MS-4102 weighing scale (Oxfordshire, United Kingdom); waist 
circumference measured midway between the costal border and the iliac crest to 
the nearest millimetre using a Seca measuring tape; and height measured to the 

Figure 1. Flowchart of the study population of the ABCD-study
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nearest millimetre using a Leicester portable height measure (Seca). Fat percentage 
was measured by arm-to-leg bioelectrical impedance analysis (Bodystat 1500 
MDD machine (Bodystat Inc., Douglas, UK)), calculations were based on equations 
adapted from Lohman et al. and Kushner et al.26 Fasting glucose and C-peptide were 
determined based on overnight fasting capillary blood samples collected with an 
ambulatory collection kit (Demecal: Lab Anywhere, Haarlem, The Netherlands).27 
C-peptide measurements had a detection limit of >0.34 nmol/L, 63.6% of the 
C-peptide levels were below the level of detection of the assay. These values were 
predicted with a survival analysis applying a loglogistic distribution based on sex, 
age and BMI of the children (see appendix). 

Covariates

Sex and birth weight were obtained from the Youth Health Care Registration and 
the Dutch Perinatal Registration (PRN). Maternal age during pregnancy (years; 
continuous), education level (years after primary school; continuous) and ethnicity 
were self-reported in the pregnancy questionnaire. Ethnicity (Dutch, Turkish, 
Moroccan, Other Western, Other non-Western) was defined by the country of 
birth of the mother of the pregnant woman. Offspring’s standardized birth weight 
(continuous) and sex of the child were available by combining data from the 
pregnancy questionnaire and the Netherlands Perinatal Registry (PRN). Maternal 
BMI, paternal BMI and screen (computer and television) time (hours/day; continuous) 
at age 5-6 years was obtained from the questionnaire, a validated food frequency 
questionnaire was used to calculate the child’s energy intake in kilocalories (kcal, 
continuous) and the exact age of the child at the health check was calculated. To 
account for missings on covariates, covariates were imputed using MICE in SPSS 
accounting for all covariates included in this study.28 

Statistics

Overall differences in characteristics (table 1) between the four different second-
degree FHD groups were examined using chi square tests for categorical variables 
and one way ANOVA with a post hoc tukey alpha test for continuous variables. 
Significant differences with the no FHD group were reported. Metabolic outcomes 
at age 5-6 years of the different FHD groups were corrected for sex and age at the 
time of measurement (table 2). Since the residuals of C-peptide were not normally 
distributed, the Box-Cox method in R Package was used to find appropriate 
transformations. C-peptide was transformed to the reciprocal. Then, linear 
regression analysis was performed using three consecutive models. Model 1 adjusted 
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for sex and age at the time of measurements, model 2 additionally adjusted for the 
constitutional factors maternal age, education, ethnicity and standardized birth 
weight, and model 3 additionally adjusted for the lifestyle factors energy intake, 
screen time, fat% (only for glucose and C-peptide), maternal BMI and paternal BMI 
at age 5-6 years. By changing the reference group, we first compared the children 
with no second-degree FHD to children with a FHD, then we compared children with 
maternal FHD to children with paternal and both maternal and paternal FHD and 
lastly we compared children with paternal FHD to children with both maternal and 
paternal FHD. Boy-girl differences were tested by adding an interaction term between 
sex and second-degree FHD to the models. Sensitivity analyses were performed on 
the Dutch children only to exclude residual confounding by ethnic differences in for 
example lifestyle. Lifestyle differences between the four second-degree FHD groups 
were much smaller in the Dutch only group, compared to the multi-ethnic group. 
Moreover, we repeated the analyses with C-peptide as outcome without the imputed 
values in the complete study population. All statistical analyses were performed 
using SPSS 22.0 for Windows. A p-value of <0.05 was considered significant. 

Results 
The final sample consisted of 3024 children. Study population characteristics are 
presented in table 1, stratified per second-degree FHD group. Compared to children 
with no FHD, children with maternal, paternal or both maternal and paternal FHD 
had higher screen time hours and the groups were more ethnically diverse. Children 
with maternal FHD and children with both maternal and paternal FHD had, compared 
to the no FHD group, lower educated mothers with a higher BMI. Children with 
paternal and both maternal and paternal FHD had lower birth weight and fathers 
with a higher BMI compared to the no FHD group. The group with both maternal and 
paternal FHD had younger mothers, and the children had a higher energy intake per 
day, compared to the no FHD group. 

Mean values per outcome measurement corrected for age at the time of the 
measurements are presented in table 2. We compared the characteristics of the 
children included in this study with non-responders (invited to participate at age 5-6 
years, but no questionnaire or health check data available; n=2855). We found that 
mothers of children included in this study had lower BMI, were older, higher educated 
and more often of Dutch origin. The children had a higher gestational age at birth 
and had a higher birth weight (Supplementary Table 1).
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No FHD (ref) 
 
N=2226

Maternal FHD 
only  
N=353

Paternal FHD 
only  
N=281

Maternal + 
Paternal FHD 
N=164

Mean (SD) / % Mean (SD) / % Mean (SD) / % Mean (SD) / %

Maternal/Paternal characteristics

Maternal age (years) 32.0 (4.4) 31.7 (4.8) 31.9 (4.6) 30.3 (5.7)*

Maternal education  
(years after primary school)

10.1 (3.6) 9.5 (3.7)* 9.6 (3.8) 8.0 (3.8)*

Maternal ethnicity (%) P<0.05

Dutch 70.7 59.7 66.2 38.4

Turkish 2.2 5.7 4.6 7.3

Moroccan 3.5 6.5 6.4 24.4

Other Western 13.2 11.4 13.2 7.3

Other Non-Western 10.3 16.8 9.6 22.6

Maternal body mass index (kg/m2) 
when children were 5 years old

23.2 (3.8) 24.3 (4.5)* 23.4 (3.7) 25.3 (4.5)*

Paternal body mass index (kg/m2) 
when children were 5 years old

24.7 (3.0) 24.9 (2.8) 25.5 (3.3)* 26.3 (3.3)*

Child’s characteristics

Gestational age at birth (days) 279.5 (11.4) 278.6 (12.4) 278.0 (14.4) 279.5 (11.4)

Birth weight (g) 3493 (531) 3464 (541) 3392 (597)* 3352 (615)*

Age at measurements (years) 5.7 (0.50) 5.7 (0.46) 5.7 (0.51) 5.7 (0.50)

Sex – % Boys 49.6 52.4 54.8 48.2

Screen time (hours/day) 1.4 (0.9) 1.6 (1.1)* 1.5 (1.0)* 2.1 (1.3)*

Energy intake (kcal/day) 1526 (323) 1547 (383) 1555 (371) 1619 (466)*

Table 1. Characteristics of the study population compared between groups of second-degree 
family history of diabetes (FHD) within the ABCD-study

* p <0.05 significantly different from the no second-degree family history category
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BMI (kg/m2) WHtR Fat  
percentage(%)

Fasting 
glucose 
(mmol/L)

C-peptide 
(nmol/L)

N Mean 
(SE)

N Mean 
(SE)

N Mean 
(SE)

N Mean 
(SE)

N Mean 
(SE)

No FHD 2213 15.5 
(0.04)

2210 0.453 
(0.001)

2181 19.8 
(0.19)

1379 4.51 
(0.01)

1039 0.34 
(0.003)

Maternal FHD 
only

350 15.5 
(0.11)

350 0.452 
(0.002)

347 20.7 
(0.44)

234 4.54 
(0.03)

182 0.35 
(0.008)

Paternal FHD 
only

281 15.4 
(0.13)

281 0.453 
(0.002)

273 20.2 
(0.53)

184 4.51 
(0.04)

130 0.35 
(0.009)

Maternal+ 
paternal FHD

164 15.6 
(0.17)

164 0.454 
(0.003)

163 20.9 
(0.69)

91 4.55 
(0.05)

75 0.40 
(0.012)

Table 2. Mean values of outcome variablesa stratified for the different groups of second-
degree family history of diabetes (FHD) within the ABCD-study

a) adjusted for sex of the child and age at the measurements

Second-degree family history of diabetes 

Compared to children with no second-degree FHD, children with maternal second-
degree FHD and children with both maternal and paternal second-degree FHD had a 
higher fat%; 1.03% (95%CI: 0.34;1.72) and 1.78% (95%CI: 0.82;2.75) respectively (Table 
3). Children with both maternal and paternal FHD also had increased C-peptide 
(0.03 nmol/L, 95%CI: 0.01;0.05) compared to the group with no FHD. Adjustments 
for covariates, in particular ethnicity, rendered the results on fat% non-significant, 
but C-peptide (0.02 nmol/L, 95%CI: 0.01;0.04) remained higher. We found no 
differences in body composition or glucose metabolism between children with either 
maternal or paternal FHD. However, when comparing children with either maternal 
or paternal FHD to children with both maternal and paternal FHD, we found that 
children with both maternal and paternal FHD had a 0.33 kg/m2 (95%CI: 0.05;0.61) 
higher BMI and 1.67% (95%CI: 0.49;2.84) higher fat% compared to children with 
paternal FHD, but not to children with maternal FHD. Adjustment for covariates, in 
particular ethnicity, attenuated these results. Moreover, compared to children with 
either maternal or paternal FHD, children with both maternal and paternal FHD had 
increased C-peptide (maternal: 0.03 nmol/L (95%CI: 0.01;0.05) and paternal: 0.03 
nmol/L, 95%CI: 0.01;0.05) and adjusting for covariates did not alter these results. No 
boy-girl differences were found in the associations between second-degree FHD and 
metabolic outcomes at age 5-6 years.



FHD 
(reference)

FHD 
(comparison)

BMI (kg/m2) 
N=3008

WHtR*100 
N=3005

Fat% 
N=2964

Glucose 
(mmol/L) 
N=1888

C-peptide 
(nmol/L) 
N=1426

No FHD Maternal FHD 
only

Model 1 0.11 
(-0.05;0.28)

0.03 
(-0.30;0.35)

1.03 
(0.34;1.72)*

0.02 
(-0.05;0.08)

0.00 
(-0.01;0.01)

Model 2 0.01 
(-0.15;0.17)

-0.14 
(-0.45;0.17)

0.51 
(-0.16;1.18)

0.01 
(-0.06;0.07)

0.00 
(-0.01;0.01)

Model 3 -0.04 
(-0.19;0.12)

-0.19 
(-0.51;0.13)

0.32 
(-0.34;0.98)

0.01 
(-0.06;0.08)

0.00 
(-0.01;0.01)

Paternal FHD 
only

Model 1 0.01 
(-0.17;0.19)

0.20 
(-0.16;0.55)

0.12 
(-0.65;0.88)

-0.01 
(-0.05;0.03)

0.00 
(-0.01;0.01)

Model 2 -0.00 
(-0.16;0.16)

0.13 
(-0.05;0.31)

0.00 
(-0.73;0.73)

-0.01 
(-0.05;0.03)

0.00 
(-0.01;0.01)

Model 3 -0.04 
(-0.20;0.14)

0.11 
(-0.24;0.46)

-0.10 
(-0.83;0.62)

-0.02 
(-0.10;0.05)

0.00 
(-0.01;0.01)

Maternal + 
Paternal FHD

Model 1 0.34 
(0.11;0.57)*

0.33 
(-0.12;0.79)

1.78 
(0.82;2.75)*

0.03 
(-0.02;0.09)

0.03 
(0.01;0.05)*

Model 2 0.09 
(-0.14;0.32)

-0.14 
(-0.59;0.32)

0.42 
(-0.54;1.37)

0.02 
(-0.03;0.08)

0.03 
(0.01;0.04)*

Model 3 -0.02 
(-0.24;0.20)

-0.23 
(-0.69;0.23)

0.02 
(-0.93;0.97)

0.01  
(-0.11;0.10)

0.02 
(0.01;0.04)*

Maternal 
FHD only

Paternal FHD 
only

Model 1 -0.10 
(-0.33;0.12)

-0.10 
(-0.33;0.12)

-0.91 
(-1.87;0.05)

-0.03 
(-0.08;0.02)

0.00 
(-0.01;0.01)

Model 2 -0.01 
(-0.23;0.21)

-0.01 
(-0.23;0.21)

-0.51 
(-1.43;0.42)

-0.02 
(-0.06;0.03)

0.00 
(-0.01;0.02)

Model 3 0.00 
(-0.21;0.22)

0.31 
(-0.14;0.75)

-0.43 
(-1.34;0.49)

-0.03 
(-0.13;0.06)

0.00 
(-0.01;0.02)

Maternal + 
Paternal FHD

Model 1 -0.10 
(-0.33;0.12)

0.23 
(-0.04;0.49)

0.76  
(-0.37-1.88)

0.02 
(-0.04;0.08)

0.03 
(0.01;0.05)*

Model 2 0.08 
(-0.18;0.34)

0.08 
(-0.18;0.34)

-0.10 
(-1.20;1.01)

0.02  
(-0.04-0.08)

0.03 
(0.01;0.05)*

Model 3 0.02 
(-0.24;0.27)

-0.04 
(-0.57;0.49)

-0.31 
(-1.39;0.78)

0.02  
(-0.14-0.10)

0.03 
(0.01;0.05)*

Paternal FHD 
only

Maternal + 
Paternal FHD

Model 1 0.33 
(0.05;0.61)*

0.14 
(-0.42;0.69)

1.67  
(0.49-2.84)*

0.04 
(-0.02;0.11)

0.03 
(0.01;0.05)*

Model 2 0.09 
(-0.18;0.36)

-0.26 
(-0.55;0.02)

0.41 
(-0.74;1.56)

0.03 
(-0.03;0.10)

0.02 
(0.00;0.05)*

Model 3 0.01 
(-0.25;0.28)

-0.34 
(-0.89;0.21)

0.12 
(-1.02;1.26)

0.01  
(-0.11;0.14)

0.02 
(0.01;0.05)*

Table 3. Differences (95% CI) in metabolic outcomes per second-degree family history of diabetes 
(FHD) category within the ABCD-study

Model 1: adjusted for sex of the child and age at the measurements, Model 2: adjusted for model 1 + 
maternal age, maternal education, maternal ethnicity, standardized birth weight, Model 3: adjusted 
for model 2 + maternal BMI and paternal BMI at children’s age 5 years, child’s energy intake, screen 
time and fat% (only for glucose and C-peptide) at age 5-6 years 
* p<0.05 significantly different from the reference category (first column)
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Sensitivity analyses

When we limited our characteristics to the Dutch only group for the sensitivity 
analyses (N=2033), characteristics of the four second-degree FHD groups changed 
slightly. We found that compared to the no FHD group, maternal FHD had higher 
maternal BMI, lower gestational age at birth and higher screen time hours; paternal 
FHD had higher paternal BMI and lower birth weight and both maternal and paternal 
FHD had lower educated mothers and higher paternal BMI (Supplementary Table 2).

Results of the sensitivity analyses on the Dutch children only are presented in 
Supplementary Table 3. No associations were found between second-degree FHD 
and body composition at age 5-6 years. In the fully corrected model, children with 
maternal and paternal FHD had increased C-peptide compared to children with no 
FHD (0.02 nmol/L, 95%CI: 0.01-0.04), only maternal FHD (0.04 nmol/L, 95%CI: 0.01-
0.08) and only paternal FHD (0.04 nmol/L, 95%CI: 0.01-0.08).

When analyses for C-peptide were repeated on non-predicted values only (N=508) 
differences between no or maternal second-degree FHD and maternal and paternal 
second-degree FHD were attenuated, although differences between paternal 
second-degree FHD and both maternal and paternal second-degree FHD remained 
(Supplementary Table 4): C-peptide (0.08 nmol/L, 95%CI: 0.02-0.15).

Discussion
This study examined outcomes in body composition and glucose metabolism in 
children at age 5-6 years with respectively no second-degree FHD, only maternal, 
only paternal or both maternal and paternal second-degree FHD in a multi-ethnic 
prospective cohort. We found no differences in body composition or glucose 
metabolism in children with either maternal or paternal second-degree FHD. 
However, children with both maternal and paternal second-degree FHD had already 
higher C-peptide levels than their peers with respectively no, maternal or paternal 
second-degree FHD, independent of their body composition.

Strengths and limitations

This study was part of a large population-based multi-ethnic cohort, for which reason 
we had distinctive outcome measurements for both body composition and glucose 
metabolism and we were able to correct for different covariates, both in utero and 
at age 5-6 years. The groups with second-degree FHD were more ethnically diverse 
than the group without second-degree FHD which increased the statistical power of 
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our study as the population of Moroccan and Turkish descent more often has diabetes 
compared to the Dutch population.29 This study had some limitations as well: we did 
not have detailed information on how many and which family members (aunts/uncles 
or grandparents) were affected with what kind of diabetes (type 1 or type 2). In the 
Netherlands, of all patients diagnosed with diabetes, about 84% has type 2 diabetes 
mellitus (T2DM), although in the younger groups (30-40 years), this percentage is 
about 50%.29 Little information is available on the distribution of type 1 and type 2 in the 
ethnic groups. Therefore it is unclear if the higher C-peptide levels found in the more 
ethnic diverse group of children with both maternal and paternal second-degree FHD 
are a result of FHD type 1 or type 2. Moreover, studies showed that the risk of adverse 
outcomes is increased with the number of family members that have diabetes.4,7,30 In 
the group of children with both maternal and paternal second-degree FHD, it could 
be that these children simply had more affected family members than children in the 
other groups, thereby overestimating the effect of both maternal and paternal FHD. 
Third, 63.6% of the C-peptide values in the total sample were below the detection limit 
of 0.34 nmol/L. Therefore we predicted C-peptide based on characteristics of the whole 
group.31 When repeating the analyses with the non-imputed values of C-peptide, we 
only found an association between paternal only and both maternal and paternal 
second-degree FHD and higher C-peptide levels.(Supplementary Table 4) However, as 
the number of children in the group with both maternal and paternal second-degree 
FHD was smaller than forty cases, these analyses could have been underpowered.

Comparison to other studies

To our knowledge, only eight studies have considered the FHD of grandparents, 
aunts and/or uncles on outcomes of body composition and/or glucose metabolism 
in childhood or adolescence.14,16-21,32 In contrast to our adjusted models, Jouret et al. 
found an increased risk of overweight in preschool children of whom one of the 
grandparents had diabetes.16 We cannot compare the results directly as, in this study, 
no distinction was made between maternal, paternal or both maternal and paternal 
FHD.16 Similar to our study, five studies found negative effects of second-degree FHD 
on measures of glucose metabolism.14,17, 19-21 Only two studies did not find associations 
between FHD and glucose metabolism.18,32 Of all these aforementioned studies, only 
two separated effects of maternal, paternal or both maternal and paternal FHD and 
found, in contradiction to our results, stronger effects for maternal FHD.19,20 In one of 
these studies, the children with maternal FHD (mean age = 11 years) were 2.5 years 
older than children without FHD (mean age = 8.5 years), therefore these differences 
can also have resulted from differences in maturation.20 Moreover, both these studies 
did not investigate the combined effect of both maternal and paternal FHD. Studies 
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in first-degree relatives found, similar to our study, no differences in T2DM risk in 
relatives with either a mother or father with diabetes, but having both a mother and 
father with T2DM increased the risk of diabetes.4-6,22,30 

Underlying mechanisms 

This study found that children with both maternal and paternal FHD have increased 
C-peptide levels compared to children with no, maternal or paternal FHD. This might 
be explained by shared genetic or lifestyle factors. Having these predisposing factors 
from both sides of the family, could possibly be more detrimental than only from a 
single side. The higher fat percentage in this group, found before adjusting, could 
indicate a possible tendency to developing T2DM in future life, as susceptibility of T2DM 
is a combination of genetic susceptibility and environmental influences related to a 
person’s health behaviour like decreased physical activity, increased caloric intake and 
nutrient composition.33,34 This behaviour causes obesity which in turn causes metabolic 
inflammation resulting in insulin resistance as beta cells increase the production of 
insulin until they are no longer capable of maintaining normal glucose tolerance.33,34 
However, the differences found in body composition between the different FHD groups 
were explained by ethnicity, a proxy for both genetic and lifestyle factors. Ethnicity did 
not explain the results on C-peptide, even though children with both maternal and 
paternal FHD had more obesogenic lifestyles compared to the other children. Restricting 
our analyses to the Dutch children only made the differences in lifestyle factors less 
pronounced and still similar results were found. Therefore, at least in the Dutch sub-
group, it seems more likely that lifestyle factors play a minor role in the development of 
the increased C-peptide levels found in the group with both maternal and paternal FHD 
compared to genetics. Heritability of both T1DM and T2DM is high,35,36 and although 
children in our cohort are too young to already meet the clinical characteristics of 
diabetes mellitus themselves, children with both maternal and paternal FHD showed 
the signs of upcoming insulin resistance. This could have resulted from different sets of 
diabetogenic genes in children with both maternal and paternal FHD that could have 
been transmitted from maternal and paternal side, increasing their genetic risk score.6 
On the other hand, in case of recessive genes, transmission of the same set of genes 
from both parents will probably result in development of the disease.6 Summarizing, 
although both parents and children with both maternal and paternal FHD had higher 
BMIs, indicating T2DM,33 this could have been the result of our multi-ethnic population. 
Still, as the increased C-peptide levels, found in both our multi-ethnic study population 
as well as the Dutch only, are indicative for increased insulin production,37 these 
increased C-peptide levels might be indicators of upcoming insulin resistance and the 
development of T2DM already early in life.
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Conclusions

This study aimed to investigate whether children with a family history of diabetes 
(FHD) in second-degree relatives are at increased risk of developing obesity and 
diabetes and whether the risk differs between transmission through respectively the 
maternal or paternal line. We found no differences in body composition or glucose 
metabolism between children with either maternal or paternal FHD, but children 
with both maternal and paternal FHD had increased C-peptide levels compared to 
children with no, or either maternal or paternal second-degree FHD. This might be 
the result of a double burden of a shared obesogenic lifestyle, but based on our 
analyses in the Dutch children with comparable lifestyle in all FHD groups, it seems 
more likely that children with both maternal and paternal FHD possibly have more 
diverse diabetogenic genes compared to children without FHD or with only one 
parental FHD line. Our results from a general population show that family history of 
diabetes in second-degree relatives might be used as a public health tool to identify 
children at a young age that already have increased insulin production, increasing 
their risk of developing diabetes later in life.
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Supplementary material
Appendix – Predicting C-peptide in the ABCD-study with a survival analysis

The C-peptide variable was left-censored: 63.6% of the assessed C-peptide 
concentrations in the entire ABCD-study population fell below the detection limit 
of 0.34 nmol/l. Data below the detection limit can be treated as missing, but 
that decreases the power of the analysis, although information of the variable is 
available: it is lower than the detection limit. Three other methods are broadly used: 
substituting data below the detection limit with 0 (biases your estimate downwards), 
substituting with the limit of detection (biases your estimate upwards) or using half 
of the detection limit (could average your bias).1 

We predicted the values of C-peptide using a survival analyses in the statistical 
package R using the survreg function from the library survival. Normally in survival 
analyses, a time-to-event is modelled, but what if the event does not occur during 
the study period? Then the time-to-event is greater than the study period, but not 
measurable, i.e. right-censored data. Survival analyses predicts the time to event 
in these cases. We used the same technique for left-censored data, as this was the 
case in our study.1,2,3 We predicted the C-peptide levels of those children with a value 
below the detection limit of whom BMI, age and sex, as these variables are correlated 
with C-peptide.4 A loglogistic distribution was applied because it was most fitting, 
based on loglikelihood (R 2.13.0, R foundation for statistical computing, Vienna, 
Austria). The use of survival analysis for predicting values below the detection limit 
is described more often in environmental sciences than in medicine.1 

Before imputation of C-peptide we had information 508 valid values of C-peptide 
with a mean of 0.4435, a median of 0.4100 and an standard deviation of 0.118. 
The range of C-peptide was from 0.34-1.53. After imputation of C-peptide we have 
information on 1426 values of C-peptide with a mean of 0.3464, a median of 0.3229 
and a standard deviation of 0.105. The range of C-peptide now is 0.23-1.53 (Figure 
A.1a + A.1b)

1) Dennis R. Helsel, “Fabricating data: How substituting values for nondetects can 
ruin results, and what can be done about it,” Chemosphere 65 (2006) 2434-2439 
http://waterlegacy.org/sites/default/files/PolyMet_SuppEIS/WLExpert/BranfireunReferences/
Helsel_2006.pdf
2) Dennis R. Helsel, Statistics for censored environmental data using minitab and R.  
2nd edition ; pages 17-21; published by John Wiley & Sons, Inc., Hoboken, New 
Jersey in 2012 http://197.14.51.10:81/pmb/STATISTIQUES/0470479884Statistics.pdf  
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(page 35-39 of the PDF file is corresponding to page numbers 17-21)
3) Mark Bailey and Diane K. Michelson, “Dealing with Data below the Detection 
Limit: Limit Estimation and Data Modeling”, SAS Proceedings JM-01 (2013) 1-21 
http://www.mwsug.org/proceedings/2013/JM/MWSUG-2013-JM01.pdf
4) Xu P, Qian X, Schatz DA, Cuthbertson D, Krischer JP; DPT-1 Study Group. Distribution 
of C-peptide and its determinants in North American children at risk for type 1 
diabetes. Diabetes Care. 2014 Jul;37(7):1959-65.

Figure A1a. Histogram of C-peptide before imputation
Figure A1b. Histogram of C-peptide after imputation

139

Family history of diabetes and childhood outcomes



Non-response a (ref)
N=2855

Response 
N=3024

Mean (SD) / % Mean (SD) / %

Maternal characteristics

Maternal prepregnancy body mass index (kg/m2) 23.2 (4.1) 22.9 (3.8)*

Maternal age (years) 30.1 (5.4) 31.9 (4.6)*

Maternal education (years after primary school) 8.3 (4.0) 9.8 (3.7)*

Maternal ethnicity (%) p<0.05

Dutch 51.9 67.3

Turkish 5.7 3.1

Moroccan 10.2 5.3

Other Western 11.8 12.6

Other Non-Western 20.3 11.7

Child’s characteristics

Gestational age at birth (days) 278.4 (12.4) 279.2 (11.8)*

Birth weight (g) 3429 (551) 3473 (545)*

Sex – % Boys 49.2 50.4

Supplementary Table 1. Non-response analysis of all children invited for the 5-6 years 
health check within the ABCD-study (N=5879)

a) All children invited to participate in the age 5-6 years health check, but who did not participate. 
Children born to parents with diabetes or with congenital anomalies were excluded.

* p<0.05
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No FHD (ref) 
N=1574

Maternal FHD 
only 
N=210

Paternal FHD 
only 
N=186

Maternal + 
Paternal FHD 
N=63

Mean (SD) / % Mean (SD) / % Mean (SD) / % Mean (SD) / %

Maternal/Paternal characteristics

Maternal age (years) 32.7 (3.8) 32.6 (4.2) 32.7 (3.8) 32.8 (5.1)

Maternal education  
(years after primary school)

10.9 (2.9) 10.4 (3.0) 10.5 (3.1) 9.8 (2.8)*

Maternal body mass index (kg/m2) 
when offspring were 5 years old

22.8 (3.3) 23.8 (4.3)* 23.4 (3.5) 23.9 (4.0)

Paternal body mass index (kg/m2) 
when offspring were 5 years old

24.5 (2.7) 24.6 (2.8) 25.4 (3.1)* 26.1 (3.4)*

Child’s characteristics

Gestational age at birth (days) 280 (11) 278 (13)* 278 (14)* 279 (13)

Birth weight (g) 3536 (511) 3482 (576) 3413 (627)* 3505 (694)

Age at measurements (years) 5.7 (0.5) 5.6 (0.4) 5.7 (0.5) 5.7 (0.5)

Sex – % Boys 49.7 54.8 55.9 55.6

Screen time (hours/day) 1.2 (0.7) 1.4 (0.8)* 1.3 (0.8) 1.3 (0.9)

Energy intake (kcal/day) 1513 (294) 1479 (275) 1539 (302) 1580 (414)

Supplementary Table 2. Characteristics of Dutch study population only (N=2033) compared 
between groups of second-degree family history of diabetes (FHD) within the ABCD-study

* p<0.05 significantly different from the no second-degree family history category
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FHD 
(reference)

FHD 
(comparison)

BMI (kg/m2) 
N=2020

WHtR*100 
N=2017

Fat% 
N=1992

Glucose  
(mmol/L) 
N=1328

C-peptide 
(nmol/L) 
N=981

No FHD 
(n=1574)

Maternal FHD  
only  
(n=210)

Model 1 0.06 
(-0.12;0.25)

-0.09 
(-0.47;0.29)

0.72 
(-0.10;1.55)

0.01 
(-0.07;0.09)

0.00 
(-0.01;0.01)

Model 2 0.05 
(-0.04;0.14)

-0.10 
(-0.29;0.10)

0.63 
(-0.17;1.44)

0.01 
(-0.07;0.09)

0.00 
(-0.01;0.01)

Model 3 -0.01 
(-0.18;0.16)

-0.18 
(-0.55;0.20)

0.38 
(-0.42;1.18)

0.01 
(-0.07;0.10)

0.00 
(-0.01;0.01)

Paternal FHD  
only 
(n=186)

Model 1 0.05 
(-0.14;0.25)

0.19 
(-0.21;0.59)

-0.10 
(-0.98;0.77)

0.05 
(-0.04;0.13)

0.00 
(-0.01;0.01)

Model 2 0.10 
(-0.06;0.25)

0.22 
(-0.17;0.62)

0.00 
(-0.83;0.83)

0.04 
(-0.05;0.13)

0.00 
(-0.01;0.01)

Model 3 0.00 
(-0.18;0.18)

0.13 
(-0.27;0.53)

0.27 
(-1.12;0.58)

0.04 
(-0.05;0.13)

0.00 
(-0.01;0.01)

Maternal +  
Paternal FHD 
(n=63)

Model 1 0.10 
(-0.21;0.42)

-0.28 
(-0.94;0.39)

0.20 
(-1.23;1.64)

0.08 
(-0.07;0.24)

0.03 
(0.01;0.05)

Model 2 0.09 
(-0.22;0.39)

-0.28 
(-0.93;0.37)

0.01 
(-1.41;1.42)

0.07 
(-0.08;0.23)

0.03 
(0.01;0.05)

Model 3 -0.05 
(-0.35;0.25)

-0.41 
(-1.07;0.24)

-0.35 
(-1.75;1.05)

0.06 
(-0.10;0.22)

0.02 
(0.01;0.04)

Maternal  
FHD only

Paternal FHD  
only

Model 1 -0.01 
(-0.26;0.24)

0.28 
(-0.24;0.80)

-0.83 
(-1.96;0.30)

0.03 
(-0.08;0.15)

0.00 
(-0.01;0.02)

Model 2 -0.05 
(-0.20;0.28)

0.32 
(-0.20;0.84)

-0.63 
(-1.74;0.48)

0.03 
(-0.08;0.15)

0.00 
(-0.01;0.02)

Model 3 0.01 
(-0.22;0.25)

0.31 
(-0.21;0.83)

-0.65 
(-1.75;0.45)

0.03 
(-0.09;0.14)

0.00 
(-0.01;0.02)

Maternal +  
Paternal FHD

Model 1 0.04 
(-0.32;0.39)

-0.19 
(-0.93;0.55)

-0.52 
(-2.13;1.08)

0.07 
(-0.10;0.24)

0.05 
(0.02;0.08)

Model 2 0.03 
(-0.31;0.37)

-0.18 
(-0.92;0.56)

-0.63 
(-2.20;0.95)

0.07 
(-0.11;0.24)

0.05 
(0.02;0.08)

Model 3 -0.04 
(-0.37;0.29)

-0.24 (-0.97-
0.50)

-0.73 
(-2.29;0.83)

0.04 
(-0.13;0.22)

0.04 
(0.01;0.08)

Paternal 
FHD 
only

Maternal +  
Paternal FHD

Model 1 0.05 
(-0.31;0.41)

-0.47 
(-1.22;0.28)

0.30 
(-1.33;1.95)

0.04 
(-0.14;0.21)

0.04 
(0.01;0.08)

Model 2 -0.01 
(-0.36;0.34)

-0.50 
(-1.25;0.24)

0.01 
(-1.60;1.61)

0.04 
(-0.14;0.21)

0.04 
(0.01;0.08)

Model 3 -0.05 
(-0.39;0.28)

-0.55 
(-1.29;0.20)

-0.08 
(-1.66;1.51)

0.01 
(-0.16;0.19)

0.04 
(0.01;0.08)

Supplementary Table 3. Offspring’s metabolic outcomes (95% CI) per family history of 
diabetes (FHD) category (only for the Dutch group; N=2033) within the ABCD-study

Model 1: adjusted for sex of the child and age at the measurements 
Model 2: adjusted for model 1 + maternal age, maternal education, maternal ethnicity, standardized birth weight 
Model 3: adjusted for model 2 + maternal BMI and paternal BMI at children’s age 5 years, child’s energy intake, 
screen time and fat% (only for glucose and C-peptide) at age 5-6 years 
* p<0.05 significantly different from the reference category
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FHD (reference) FHD (comparison) C-peptide

No FHD 
(n=350)

Maternal FHD only 
(n=65)

Model 1 0.00 (-0.02;0.02)

Model 2 0.00 (-0.03;0.02)

Model 3 -0.01 (-0.04;0.03)

Paternal FHD only 
(n=57)

Model 1 -0.02 (-0.03;0.01)

Model 2 -0.02 (-0.04;0.01)

Model 3 -0.03 (-0.06;0.01)

Maternal + Paternal FHD 
(n=36)

Model 1 0.02 (0.00;0.05)*

Model 2 0.03 (-0.01;0.07)

Model 3 0.05 (-0.00;0.11)

Maternal FHD only Paternal FHD only Model 1 -0.01 (-0.04;0.01)

Model 2 -0.01 (-0.04;0.02)

Model 3 -0.02 (-0.06-0.02)

Maternal + Paternal FHD Model 1 0.02 (-0.01;0.06)

Model 2 0.03 (-0.01;0.08)

Model 3 0.05 (-0.00;0.13)

Paternal FHD only Maternal + Paternal FHD Model 1 0.04 (0.01;0.08)*

Model 2 0.04 (0.01;0.09)*

Model 3 0.08 (0.02;0.15)*

Supplementary Table 4. C-peptide levels (95% CI) per family history of diabetes (FHD) 
category (only for the group with C-peptide above the detection limit; N=508) within the 
ABCD-study

Model 1: adjusted for sex of the child and age at the measurements 
Model 2: adjusted for model 1 + maternal age, maternal education, maternal ethnicity, standardized 
birth weight 
Model 3: adjusted for model 2 + maternal BMI and paternal BMI at children’s age 5 years, child’s energy 
intake, screen time and fat% (only for glucose and C-peptide at age 5-6 years 
* p<0.05 significantly different from the reference category
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