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Abstract 
Aims: We examined associations between five body mass index (BMI) trajectories from ages 6-15 years and register-based adult-onset type 2 diabetes mellitus (T2D) and coronary heart disease (CHD) with and without adjustment for adult BMI. 
[bookmark: _Hlk97732167]Methods: Child and adult BMI came from two Danish cohorts and 13,205 and 13,438 individuals were included in T2D and CHD analyses, respectively. Trajectories were estimated by latent class modelling. Incidence rate ratios (IRRs) were estimated with Poisson regression. 
Results: In models without adult BMI, compared to the lowest trajectory, among men the T2D IRRs were 0.92 (95%CI:0.77-1.09) for the second lowest trajectory and 1.51 (95%CI:0.71-3.20) for the highest trajectory. The corresponding IRRs in women were 0.92 (95%CI:0.74-1.16) and 3.58 (95%CI:2.30-5.57). In models including adult BMI, compared to the lowest trajectory, T2D IRRs in men were 0.57 (95%CI:0.47-0.68) for the second lowest trajectory and 0.26 (95%CI:0.12-0.56) for the highest trajectory. The corresponding IRRs in women were 0.60 (95%CI:0.48-0.75) and 0.59 (95%CI:0.36-0.96). The associations were similar in direction, but not statistically significant, for CHD. 
[bookmark: _Hlk104277077][bookmark: _Hlk104282968][bookmark: _Hlk104276543][bookmark: _Hlk96073376]Conclusions: Incidence rates of adult-onset T2D were greater for a high child BMI trajectory than a low child BMI trajectory, but not in models that included adult BMI. 
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Introduction
Globally, body mass index (BMI) is increasing in both children and adults1 and poses a major health challenge due to the associated excess morbidity and mortality. Both early life and adult life body size are positively associated with the incidence of type 2 diabetes mellitus (T2D) and coronary heart disease (CHD).2-6 The findings from early life, however, have largely been based upon BMI values at single childhood ages rather than the development across a longer period of time as captured by a BMI trajectory. Furthermore, obtaining a healthy adult BMI could potentially mitigate the cardiometabolic risks associated with a high child BMI. 
[bookmark: _Hlk107480149]Although several studies examined this for T2D and cardiovascular disease, they typically used single BMI values in childhood and categorical adult BMI values (e.g. normal-weight and overweight).7 As a result, they did not examine what happens if individuals who had different patterns of BMI development during childhood obtained the same adult BMI. Thus, it is conceivable that tracking from childhood to adulthood could explain their findings. When conditioning on obtaining the same adult BMI (e.g. including adult BMI as a continuous variable in the model), one study found a positive association between late adolescence BMI and rates of CHD, but not T2D.8 Other studies of T2D or CHD may have conditioned on obtaining the same adult BMI, but the studies were not explicit about it.9-11 Furthermore, only one of these previous studies examined trajectories of childhood and adolescence BMI, and it found an increased T2D risk for trajectories of obesity despite adjustment for adult BMI.11 In addition to the sparse examination of child BMI trajectories in relation to T2D and CHD in studies incorporating adult BMI, it is a limitation that none of these studies required that the assessment of adult BMI preceded the assessment of the outcome.
[bookmark: _Hlk517246306]Thus, evidence is sparse about whether associations between child BMI trajectories and T2D or CHD exist if individuals with different patterns of child BMI development obtain the same adult BMI. Therefore, we examined whether BMI trajectories from 6-15 years of age are associated with incidence rates of T2D and CHD, respectively, with and without including adult BMI. 
Subjects, Materials and Methods
Information from two Danish cohorts and national Danish health registers was used. The cohorts were the Copenhagen School Health Records Register (CSHRR) and the Diet, Cancer and Health cohort (DCH). Information on measured childhood weights and heights between 6 and 15 years of age came from the CSHRR, which contains computerized information on 406,350 Copenhagen school children (205,372 boys and 200,978 girls) born 1930-1996.12 Up to 12 measurements of childhood height and weight were entered in the CSHRR for each child, with the restriction that the measurements needed to be at least three months apart. A median of six BMI values were available per child. The distribution of the number of child BMI values in the CSHRR is provided in eTable 1. 
[bookmark: _Hlk101865243][bookmark: _Hlk102050006][bookmark: _Hlk102123611][bookmark: _Hlk107568751]In the DCH, 57,054 individuals (27,179 men and 29,875 women) participated between 1993 and 1997 at ages 50-65 years.13 The participants had to be without a diagnosis of cancer and living in the greater Aarhus or Copenhagen area. Nearly all eligible individuals were invited, but those who participated were more likely to have a higher socio-economic position than those who chose not to participate.13 We used information on measured adult weights and heights, educational level (basic school, vocational training, 1-2 years of higher education, 3-4 years of higher education, < 4 years of higher education), physical activity (hours of metabolic equivalents of task), alcohol (drinks per week) and smoking (grams per day) from the DCH cohort. The original categories of education were collapsed as follows: basic (basic school or vocational training), middle length education (1-2 years or 3-4 years of higher education), and long education (>4 years of higher education). In eTable 2, we provide the number of BMI values at ages 6 to 15 among those who participated in the CSHRR and the DCH. Among these individuals, the average age span from their earliest to their latest BMI assessment in childhood (in the CSHRR) was 6.4 years in boys and 6.8 years in girls.
[bookmark: _Hlk101783479]Child BMI trajectories were modelled separately for each sex using latent class trajectory modelling (LCTM). Posterior probabilities of belonging to each trajectory were calculated. We tested LCTMs with one to eight trajectories in children with a minimum of two BMI values. A latent class trajectory model of five trajectories without random effects was selected via assessment of fit indices and plots of the estimated versus the observed BMIs. The LCTM was based on a restricted cubic spline of age with knot points at the 25th, 50th and 75th percentiles of the distribution and adjusted for birth cohort (5-year categories). As such, the BMI levels of the trajectories depended on birth year, but there were only minor differences (not shown). Figure 1 shows the estimated mean trajectories for individuals born 1940-1944 and these years closely correspond to years that were eligible for inclusion into the DCH cohort.  
Information on T2D was obtained from several national health registers (eTable 3). From 1977-1995, only information from the Danish National Patient Register (DNPR, established in 1977) was available allowing identification of individuals with T2D admitted to a hospital.14 From 1995-2016 we used an algorithm developed by the Steno Diabetes Center Copenhagen to additionally detect individuals with T2D not admitted to a hospital.15 In 2017 we used information from the DNPR and the Danish National Prescription Registry as we did not have data from all the registers used in the previously mentioned algorithm.16 Information on CHD came from the DNPR and the Danish Register of Causes of Death.17 We used the International Classification of Diseases, Eighth Revision (ICD-8) before 1994 and the Tenth Revision (ICD-10) thereafter. CHD was defined by ICD-8 codes 410.0-414.9 and ICD-10 codes I20.0-I25.9. Vital status and the date of emigration or death were obtained by linkage to the Danish Civil Registration System.
[bookmark: _Hlk83204493]For the main analyses, we required individuals to have at least two available child BMI values, a personal identification number and to be in the DCH study. In the analyses of T2D, we included 6,372 men and 7,066 women who were free of T2D at DCH study entry (we excluded 164 men and 98 women who had T2D prior to DCH study entry) and who had information on adult BMI and other covariates. When analysing CHD, we included 6,179 men and 7,026 women who were free of CHD at DCH study entry (we excluded 366 men and 140 women who had CHD prior to DCH study entry) and who had information on adult BMI and other covariates. 
In analyses with and without adult BMI, follow-up started from the age at the DCH examination (median of 56 years). To examine potential selection into the DCH cohort, we additionally conducted analyses starting follow-up at age 56 in the overall CSHRR not conditioning on participating in the DCH and excluding individuals with T2D or CHD, respectively, before age 56. For comparative purposes we also examined these associations in the overall CSHRR where we followed individuals from 30 years of age and after 1 January 1977. Follow-up ended on the date of T2D or CHD, respectively, death, emigration or loss to follow-up or 31 December 2017, whichever came first. A flowchart of individuals included in the main analyses and the other analyses is shown in eFigure 1.
[bookmark: _Hlk88813017]Sex-specific Poisson regression was used to estimate incidence rate ratios for T2D and CHD, respectively. Log-person time was the offset variable. Follow-up time was split into 1-year age bands. The first model included the posterior probability of belonging to each of the child BMI trajectories as the exposure with age at risk (hereafter referred to as age) and year of birth as covariates in the model. The second model also included adult BMI. A third model additionally included level of education, adult smoking, alcohol intake and physical activity to address potential confounding when conditioning on adult BMI. Age, birth year and adult BMI were modelled using restricted cubic splines with knots at the 25th, 50th and 75th percentiles among individuals who had T2D or CHD to have an equal number of cases between the knots. Smoking consumption, alcohol consumption and physical activity were included as linear terms and education was included as a categorical variable. We tested for interactions between child BMI trajectories and birth year, adult BMI, and age, respectively, using likelihood ratio tests of nested models. 
The Danish Data Protection Agency approved the data linkages performed in this study. According to Danish law, research based on registers such as the CSHRR does not require ethical approval or written consent. The research including the DCH was approved by the relevant Scientific Committees and the Danish Data Protection Agency. Informed consent was obtained from all individuals participating in the DCH. 

Results
[bookmark: _Hlk93311663][bookmark: _Hlk109684784]Among individuals in the CSHRR and with BMI and other covariates available in adulthood from the DCH, the median birth year was 1940 in men and 1939 in women. Among the five child BMI trajectories examined, trajectory one had the lowest mean BMI values and trajectory five had the highest mean BMI values across ages 6-15 years (Figure 1). Most boys and girls were in trajectory two and the fewest were in trajectory five (eTable 4). The median adult BMI was 26.7 kg/m2 in men and 25.8 kg/m2 in women (eTable 4). The most notable difference in the covariate distribution across the child BMI trajectories was that adult BMI increased as the BMI level of the childhood trajectory increased (eTables 5-6). Additionally, among individuals with the higher child BMI trajectories, more were women and fewer were never-smokers than among individuals in the lower child BMI trajectories, whereas other covariates showed little variation by child BMI trajectories (eTable5).
During a median of 21 years of follow-up after the adult examination, 1,693 T2D cases (57% men) and 2,535 CHD cases (60% men) were identified among the individuals who were both in the CSHRR and the DCH. In men, the analyses unadjusted for adult BMI showed that when compared with child BMI trajectory one, although trajectories four and five had higher IRRs for T2D, they were not statistically significant. In women, the associations unadjusted for adult BMI showed a different pattern. Compared to trajectory one, all other trajectories with a higher mean BMI level had higher incidence rates of T2D, and the IRRs were statistically significant for trajectories four and five (Table 1). For CHD, when compared with trajectory one, although the IRRs increased with increasing trajectories, they were not statistically significant in men or women (Table 1). In models which included adult BMI, compared with trajectory one, all other trajectories in men and women had lower rates of T2D, irrespective of the inclusion of additional adult factors (Table 1). The corresponding CHD estimates were close to 1 or below 1 with wide confidence intervals regardless of adjustment for additional adult factors (Table 1). 
Among men, there was evidence of interactions between child BMI trajectories and adult BMI in the analyses of T2D (p=0.002 in men and p=0.2 in women), but not in analyses of CHD (p=0.2 men and p=0.9 in women). Compared with trajectory one, although the T2D rate ratio remained below 1.00 for all adult BMI values, it increased for men in trajectories two and four as adult BMI increased until a BMI of approximately 29 kg/m2, whereafter it decreased (eFigure 2). We did not find evidence of interactions between child BMI trajectories and birth year in models where interactions between child BMI trajectories and age were included (in analyses of T2D, p=0.5 in men and p=0.5 in women, and in analyses of CHD, p=0.5 in men and p=0.6 in women).
[bookmark: _Hlk109675775]To examine if there was potential selection into the DCH, analyses starting follow-up at age 56 (the median age at adult BMI assessment) without conditioning on participating in the DCH were conducted. In these analyses, trajectories three- to five, but not trajectory two, had higher rates of T2D and CHD than trajectory one (eTable 7). For comparative purposes, analyses including all individuals from the CSHRR were conducted (eTables 8 and 9). An interaction with age was found; as adult individuals grew older, the associations with T2D became weaker across all trajectories (eFigure 3). In analyses of CHD, the direction of the age interactions varied across the trajectories (eFigure 4).
Discussion
[bookmark: _Hlk107485984][bookmark: _Hlk109675483][bookmark: _Hlk107486132]In both men and women, we found that having a child BMI trajectory with a higher BMI level was associated with higher incidence rates of adult-onset T2D compared to having a child BMI trajectory with the lowest BMI level. However, in adults with the same BMI level, having a high child BMI trajectory was associated with a lower incidence rate of T2D. We did not find statistically significant associations with CHD. Importantly, these results must be interpreted considering that conditioning on adult BMI implies that individuals in trajectory 1 have the largest BMI gain after childhood, and individuals in trajectory 5 have the smallest BMI gain after childhood.
[bookmark: _Hlk104295356][bookmark: _Hlk104380905][bookmark: _Hlk101860022]The T2D results from analyses including adult BMI may partly be explained by this differential BMI gain after 15 years of age. Supporting this, a previous study of BMI trajectories from ages 9-25 years concluded that individuals who obtained overweight or obesity in late adolescence had worse cardiometabolic health profiles compared with individuals who had a high and stable BMI throughout childhood and adolescence.18 Furthermore, the T2D results in analyses including adult BMI may also be explained by BMI development from age 16 onwards as this may be more closely related to body fat development than the child BMI trajectories.19 Our findings indicate that a healthy BMI development after childhood may play a substantial role in the associations between child BMI trajectories and development of T2D. Our findings additionally illustrate that an individual’s BMI trajectory during childhood is particularly important for T2D development in early adulthood.
[bookmark: _Hlk107568964][bookmark: _Hlk107487309]Our analyses extend our previous analyses of BMI at single ages in childhood and adulthood in relation to T2D21,22 by examining the modifiability of a longer duration of child BMI exposure as captured by our child BMI trajectories. The trajectories spanned an average of 6 years during childhood, however, if they extended for a longer period, the LCTM may have identified trajectories with more variation in their slopes. Few studies of T2D or CHD are comparable with our study in regard to examining child or adolescent BMI conditioned on obtaining the same adult BMI8 as several other studies did not explicitly state whether they used adult BMI as a continuous or as a categorical variable and many only examined categories of adult BMI. A recent systematic review found that compared to being in normal-weight categories in both childhood and adulthood, excess weight in childhood was associated with T2D development (odds ratio=1.37, 95% CI: 1.10–1.70) and potentially CVD (odds ratio=1.22, 95% CI: 0.92–1.62) even if obtaining an adult BMI within the normal weight category.7 Two studies that may have conditioned on obtaining the same adult BMI also examined childhood or adolescent BMI at single ages, and one of these studies found a T2D odds ratio per BMI z-score of 1.07 (95% CI: 0.95–1.19),23 whereas the other study reported a CHD HR of 1.8 (95% CI: 0.9–3.9) for overweight compared to normal-weight.10 
[bookmark: _Hlk109989725]A study that explicitly conditioned on obtaining the same adult BMI was performed in male Israeli army personnel (37,674 men).8 This study examined a single late-adolescence assessment of BMI at a mean age of 17.4 years in relation to rates of T2D and CHD. In contrast to our findings, it found that a positive association between BMI and CHD rate persisted when adult BMI was accounted for.8 Potential explanations for this difference include how CHD was assessed; we used a register-based diagnosis whereas this study identified it through a routine clinical examination. Additionally, we required adult BMI to be measured before a CHD diagnosis, whereas the Israeli study included adult BMI as a time-dependent variable; it was assessed every 3-5 years from age 25 to age 45 years, which was also when CHD was assessed. In relation to T2D, the Israeli study found that compared to adolescents with a mean BMI of 17.3 kg/m2, three other groups of adolescents with mean BMIs of 22.8, 24.2, and 27.6 kg/m2 had higher rates of T2D. However, when adult BMI was included in the model, they no longer had higher rates of T2D. As such, both the Israeli and our study find that conditioning on obtaining the same adult BMI appears to have differential effects on associations between early life BMI and T2D versus CHD. In another study, higher T2D rates associated with very high late adolescent BMI levels in American Pima Indians (e.g. above 35 kg/m2 at age 17 years) persisted even if these individuals obtained the same adult BMI (maximum BMI between ages 20 and 40) as the individuals in the reference trajectory.11 The child BMI levels analysed in this study were well above the BMI levels in our study, which may explain why our study findings differed, whereby the associations with T2D reversed when accounting for adult BMI. 
[bookmark: _Hlk104277539][bookmark: _Hlk107480211][bookmark: _Hlk107513075]A strength of our study is that the individuals had a median of six BMI values in childhood and heights and weights were measured in both child- and adulthood. We used a methodology (LCTM) that incorporated all BMI values under a missing at random assumption thus allowing the use of all the BMI values instead of restricting to selected BMI values. Furthermore, we used the posterior probabilities of belonging to the trajectories in the analyses to account for uncertainty in the assignment of individuals to the trajectories instead of an all-or-nothing assignment to a trajectory. We used LCTM to reduce the influence of measurement error thereby allowing for the use of robust exposure variables.24 With regards to reducing within-class variability25 and to reduce potential conflict with the consistency assumption26 when relating the trajectories to T2D and CHD, our choice of LCTM was informed by the evidence that adolescent BMI level is closely related to future risks of T2D and CHD.8 Therefore, in our choice of LCTM we prioritized good agreement between the BMI levels of the observed individual trajectories and the estimated mean trajectories used as exposure variables. 
[bookmark: _Hlk102121951][bookmark: _Hlk101771709][bookmark: _Hlk107515946][bookmark: _Hlk101859670]Additionally, we examined the role of adult BMI in the associations between child BMI trajectories and T2D and CHD incidence rates. As conditioning on obtaining the same adult BMI implies the largest BMI gain after age 15 for trajectory 1 and the smallest BMI gain after age 15 for trajectory 5, the interpretation must also consider that there may be a positive causal relation between child BMI and adult BMI. As such, adult BMI may mediate part of a potential effect of child BMI on the development of T2D and CHD. This potential mediation means that the estimates when conditioning on obtaining the same adult BMI do not reflect the total effect of child BMI on T2D or CHD. Our findings are also limited with regards to understanding a potential direct effect of child adiposity on T2D and CHD (i.e. the effect not mediated through adult adiposity). Examining a direct effect of child adiposity on T2D and CHD requires strong assumptions and potentially a better indicator of adiposity than BMI due to age-dependent associations between BMI and fat mass.19 Further, this question may be better addressed by using young adult adiposity as it would precede CHD and T2D, and thus a greater proportion of cases would be included in the analyses. Although we used an extensive T2D identification strategy, it differed across time and our T2D findings may be affected by a potential underdiagnosis of T2D.27 The validity of a diagnosis of mortality from CHD can be questioned,28 but a CHD diagnosis from the Danish National Patient Register has been found to have a sensitivity of 88-97%.29 
[bookmark: _Hlk101858639][bookmark: _Hlk93309733]Although our inferences could be influenced by potential selection bias when conditioning on DCH participation, the associations in models without adult BMI included were reassuringly similar between the DCH sub-sample and the overall CSHRR when starting follow-up at 56 years of age. The differences in the associations between the overall CSHRR when starting follow-up at 30 versus 56 years of age likely arose because as individuals grow older, the associations between a childhood BMI trajectory and T2D and CHD led to a differential depletion of individuals susceptible to T2D and CHD across the trajectories. Specifically, those susceptible to T2D for other reasons than their BMI are more likely to remain in the risk set of the trajectory with the lowest BMI than in the risk set of the other trajectories at the age of the adult BMI assessment since the latter, to a greater degree, have been depleted of such individuals. Nonetheless, when we included adult BMI in the models, we had to start follow-up at ≥50-65 years (the age at the DCH examination) to examine incident T2D or CHD. We were unable to assess if differential patterns of BMI change between the CSHRR and the DCH examinations influenced the associations. Furthermore, we were unable to account for pubertal timing which is differentially associated with obesity in boys and girls.30,31 
[bookmark: _Hlk101776355][bookmark: _Hlk101776401][bookmark: _Hlk93323582]In conclusion, we found that children with higher child BMI trajectories had higher incidence rates of T2D than children with a lower child BMI trajectory, but not after adjustment for adult BMI, i.e. not if they obtained the same adult BMI as the children with the lower child BMI trajectory. In adults with the same BMI level, having a high child BMI trajectory was associated with a lower incidence rate of T2D compared to the lowest BMI trajectory, whereas we did not find an association with CHD. As such, the role of a child’s BMI trajectory in the development of T2D depends on the BMI development after childhood.
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[bookmark: _Hlk103862167]Table 1. Associations between child body mass index (BMI) trajectories and type 2 diabetes (T2D) and coronary heart disease (CHD), respectively, relative to trajectory 1. Estimates are incidence rate ratios with 95% confidence intervals. 
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	Individuals with adult BMI and covariates available (n=13,438)

	Outcome
	[bookmark: _Hlk85802488]Sex
	BMI trajectory 
	Number of cases*
	Model 1: individuals with available adult BMI†
	Model 2: includes adult BMI§
	Model 3: includes adult BMI and other covariates||

	T2D
	Men
	1
	226
	Ref.
	Ref.
	Ref.

	
	
	2
	417
	0.92 (0.77-1.09)
	0.59 (0.49-0.71)
	[bookmark: _Hlk95999613]0.57 (0.47-0.68)

	
	
	3
	236
	0.92 (0.77-1.12)
	0.40 (0.33-0.49)
	0.38 (0.31-0.46)

	
	
	4
	68
	1.14 (0.86-1.50)
	0.34 (0.25-0.46)
	0.32 (0.24-0.43)

	
	
	5
	7
	1.51 (0.71-3.20)
	0.30 (0.14-0.64)
	0.26 (0.12-0.56)

	
	Women
	1
	128
	Ref.
	Ref.
	Ref.

	
	
	2
	280
	0.92 (0.74-1.16)
	0.62 (0.49-0.78)
	0.60 (0.48-0.75)

	
	
	3
	218
	1.15 (0.92-1.45)
	0.53 (0.42-0.68)
	0.51 (0.40-0.64)

	
	
	4
	79
	1.60 (1.19-2.14)
	0.52 (0.38-0.71)
	0.48 (0.35-0.65)

	
	
	5
	24
	3.58 (2.30-5.57)
	0.68 (0.42-1.10)
	0.59 (0.36-0.96)

	CHD
	Men
	1
	315
	Ref.
	Ref.
	Ref.

	
	
	2
	678
	1.10 (0.95-1.27)
	0.98 (0.85-1.14)
	0.96 (0.83-1.11)

	
	
	3
	407
	1.18 (1.01-1.38)
	0.98 (0.83-1.15)
	0.93 (0.79-1.09)

	
	
	4
	88
	1.06 (0.83-1.35)
	0.81 (0.63-1.05)
	0.77 (0.59-0.99)

	
	
	5
	10
	1.42 (0.74-2.74)
	0.96 (0.49-1.88)
	0.91 (0.47-1.78)

	
	Women
	1
	166
	Ref.
	Ref.
	Ref.

	
	
	2
	450
	1.16 (0.96-1.41)
	1.08 (0.89-1.32)
	1.02 (0.84-1.24)

	
	
	3
	300
	1.21 (1.00-1.48)
	1.04 (0.85-1.28)
	0.94 (0.77-1.16)

	
	
	4
	77
	1.19 (0.90-1.57)
	0.92 (0.69-1.23)
	0.80 (0.60-1.08)

	
	
	5
	16
	1.64 (0.97-2.75)
	1.03 (0.60-1.78)
	0.82 (0.47-1.42)


[bookmark: _Hlk109682526]* Cases are counted by assigning individuals to the trajectory where they have the highest posterior probability 
†Adjusted for birth year and age 
‡ The median age at the DCH examination 
§ Adjusted for birth year, age and BMI at the DCH examination
|| Adjusted for birth year, age and the following factors assessed in the DCH: BMI, physical activity, alcohol intake, smoking, and education

Figure 1. Estimated mean child body mass index trajectories among boys (panel A) and girls (panel B) born 1940-1944.
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