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Abstract: Background and aims: Sex differences in measures of 

cardiovascular health in adults are well documented. However, the sex-

specific aetiology of cardiovascular health across childhood and 

adolescence is poorly understood.  

Material and methods: We examined sex differences in trajectories of 11 

measures of cardiovascular health from birth to 18 years, in a 

contemporary birth cohort study in England (N participants per outcomes: 

662-13,985, N repeated measures per outcome: 1,831-112,768). Outcomes 

were measured over varying time spans from birth or mid-childhood to age 

18 and with different numbers of repeated measures per outcome. Analyses 

were performed using fractional polynomial and linear spline multilevel 

models.  

Results: Females had higher mean BMI, height-adjusted fat mass, pulse 

rate, insulin, triglycerides, and non-high-density lipoprotein 

cholesterol (HDL-c) and lower mean height-adjusted lean mass from birth 

or from mid-childhood to age 18. For example, mean non-HDL-c was 0.07 

mmol/l (95% Confidence Interval (CI), 0.04, 0.10) higher in females 

compared with males at birth. By age 18, this difference persisted and 

widened to 0.19 mmol/l (95% CI, 0.16, 0.23) higher non-HDL-c in females 

compared with males. Females had lower levels of glucose from mid-

childhood and developed lower systolic blood pressure and higher HDL-c 

from mid-adolescence onward. For example, females had 0.08 mmol/l (95% 

CI, 0.05, 0.10) lower mean glucose compared with males at age 7 which 

widened to a difference of 0.22 mmol/l (95% CI, 0.25, 0.19) at age 18.  

Conclusions: Sex differences in measures of cardiovascular health are 

apparent from birth or mid-childhood and change during early life. These 

differences may have implications for sex-specific disease risk in future 

adult populations.  

  

 

 

 



 

 



 Sex differences in measures of cardiovascular health are well established in adulthood. 

 Few studies have examined sex-specific change in cardiovascular risk in childhood. 

 Our findings show that sex differences in cardiovascular health begin at birth. 

 These sex differences change further throughout childhood and adolescence.  

 Early life factors may play a role in sex differences in cardiometabolic disease.  
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Abstract 21 

Background and aims: Sex differences in measures of cardiovascular health in adults are well 22 

documented. However, the sex-specific aetiology of cardiovascular health across childhood and 23 

adolescence is poorly understood.  24 

Methods: We examined sex differences in trajectories of 11 measures of cardiovascular health from 25 

birth to 18 years, in a contemporary birth cohort study in England (N participants per outcomes: 26 

662-13,985, N repeated measures per outcome: 1,831-112,768). Outcomes were measured over 27 

varying time spans from birth or mid-childhood to age 18 and with different numbers of repeated 28 

measures per outcome. Analyses were performed using fractional polynomial and linear spline 29 

multilevel models.  30 
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Results: Females had higher mean BMI, height-adjusted fat mass, pulse rate, insulin, triglycerides, 31 

and non-high-density lipoprotein cholesterol (HDL-c) and lower mean height-adjusted lean mass 32 

from birth or from mid-childhood to age 18. For example, mean non-HDL-c was 0.07 mmol/l (95% 33 

confidence interval (CI), 0.04, 0.10) higher in females compared with males at birth. By age 18, this 34 

difference persisted and widened to 0.19 mmol/l (95% CI, 0.16, 0.23) higher non-HDL-c in females 35 

compared with males. Females had lower levels of glucose from mid-childhood and developed lower 36 

systolic blood pressure and higher HDL-c from mid-adolescence onward. For example, females had 37 

0.08 mmol/l (95% CI, 0.05, 0.10) lower mean glucose compared with males at age 7 which widened 38 

to a difference of 0.22 mmol/l (95% CI, 0.25, 0.19) at age 18.  39 

Conclusions: Sex differences in measures of cardiovascular health are apparent from birth or mid-40 

childhood and change during early life. These differences may have implications for sex-specific 41 

disease risk in future adult populations.  42 

 43 

 44 

Introduction 45 

Cardiovascular disease (CVD) is a leading cause of death worldwide and its prevalence continues to 46 

increase globally. (1, 2) Women and men do not experience cardiometabolic diseases (CVD and type 47 

2 diabetes mellitus (T2DM)) equally. For instance, at age 40, the remaining lifetime risk of CVD is one 48 

in two for women and two in three for men. (3, 4) Women are also less insulin resistant than men 49 

and develop T2DM at higher levels of adiposity. (5) However, amongst people with T2DM, coronary 50 

heart disease (CHD) and stroke risk are up to 50% higher in women compared with men. (6, 7) 51 

Despite these well-established sex differences, the sex-specific aetiology of cardiovascular risk 52 

remains poorly understood. Recent guidelines and scientific statements emphasise the importance 53 

of studying sex differences in cardiovascular risk in adults. (8-11) Given that cardiovascular risk 54 
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originates in early life (12-14) and tracks through the life course (15-17), there is also a need to study 55 

potential sex differences during childhood and adolescence. Longitudinal studies of sex differences 56 

in measures of cardiovascular health during childhood and adolescence can help to establish when 57 

sex differences emerge and how sex differences change over time, contributing to understanding 58 

the mechanisms underlying sex differences in cardiovascular disease risk across the life course. 59 

 60 

To date, sex differences in selected measures of cardiovascular health have been examined during 61 

childhood and adolescence in a small number of US studies, including change in blood pressure (18) 62 

and lipids (19) in 678 children aged eight to 18 years in the Project Heartbeat! and change in glucose 63 

and  insulin from 5 to 17 years (20) and lipids from 5 to 26 years (21) in the Bogalusa Heart Study.  A 64 

more recent study in 507 children in Minneapolis examined change over time in 10 conventional 65 

measures of cardiovascular health measured up to 3 times from 11 to 19 years. (22) Recent analyses, 66 

combining data from several cohorts across the life course have also examined sex differences in 67 

trajectories of blood pressure over time. (23) However, large contemporary studies with repeated 68 

measures of all key measures of cardiovascular health together from early life through adolescence 69 

are lacking. Contemporary studies of measures of cardiovascular health in early life are of particular 70 

importance given the high prevalence of overweight and obesity during childhood and adolescence 71 

compared with previous generations. (24) Studies of successive generations are also important given 72 

the significant changes in lifestyle that have occurred over time, (25) in both sexes but particularly 73 

among women, which will likely impact future sex-specific disease burden in the population. 74 

We examine sex-specific trajectories of a range of measures of cardiovascular health measured at 75 

multiple time points across childhood and adolescence in a prospective birth cohort study of 76 

participants born in 1991-2 in the South West of England. The risk factors we consider are body mass 77 

index (BMI) measured repeatedly from age 1 to 18 years, fat mass and lean mass measured from 9 78 

to 18 years, systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse rate and glucose 79 
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measured from 7 to 18 years, and insulin, triglycerides, high density lipoprotein cholesterol (HDL-c), 80 

and non-HDL-c measured from birth to 18 years.  81 

 82 

 83 

 84 

 85 

 86 

 87 

  88 
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Patients and methods 89 

Study participants 90 

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a prospective birth cohort study in 91 

Southwest England. (26, 27) Pregnant women resident in one of the three Bristol-based health 92 

districts with an expected delivery date between April 1, 1991 and December 31, 1992 were invited 93 

to participate. The study has been described elsewhere in detail. (26, 27) ALSPAC initially enrolled a 94 

cohort of 14,451 pregnancies, from which 13,867 live births occurred in 13,761 women. Follow-up 95 

has included parent and child completed questionnaires, links to routine data and clinic attendance. 96 

Research clinics were held when the participants were approximately 7, 9, 10, 11, 13, 15, and 18 97 

years old. Ethical approval for the study was obtained from the ALSPAC Ethics and Law Committee 98 

and the Local Research Ethics Committees. The study website contains details of all the data that is 99 

available through a fully searchable data dictionary 100 

http://www.bristol.ac.uk/alspac/researchers/access/. (28)  101 

Study outcomes 102 

Anthropometry 103 

Height and weight were modelled previously and are not included here.(29-31) BMI (weight (kg) 104 

divided by height squared (m2)) was calculated from 1 to 18 years using data from several sources 105 

including research clinics, routine child health clinics, health visitor records and questionnaires. 106 

Whole body less head, and central fat and lean mass were derived from whole body dual energy X-107 

ray absorptiometry (DXA) scans assessed 5 times at ages 9, 11, 13, 15, and 18 using a Lunar prodigy 108 

narrow fan beam densitometer.  109 

SBP, DBP and pulse rate 110 

At each clinic (ages 7, 9, 10, 11, 13, 15 and 18), SBP, DBP and pulse rate were measured at least 111 

twice each with the child sitting and at rest with the arm supported, using a validated device and a 112 

http://www.bristol.ac.uk/alspac/researchers/access/
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cuff size appropriate for the child’s upper arm circumference. The mean of the two final measures is 113 

used here.  114 

Blood based biomarkers 115 

Insulin was measured from cord blood at birth. Non-fasting glucose was measured at age 7 as part of 116 

metabolic trait profiling, using Nuclear Magnetic Resonance (NMR) spectroscopy. In a random 10% 117 

of the cohort at age 9 years, fasting glucose and insulin were also available; were taken as part of a 118 

continuation of an earlier sub-study called “Child in Focus” which included approximately 10% of the 119 

overall cohort. Fasting glucose and insulin were available from research clinics held when 120 

participants were 15 and 18 years old.  Triglycerides, HDL-c and total cholesterol were measured in 121 

cord blood at birth and from venous blood subsequently. Samples were non-fasted at 7 and 9; 122 

fasting measures were available from clinics at 15 and 18 years. Non-HDL-c was calculated by 123 

subtracting HDL-c from total cholesterol at each measurement occasion. Trajectories of glucose, 124 

insulin, triglycerides, HDL-c, non-HDL are thus a combination of measures from cord blood, fasting 125 

bloods and non-fasting bloods, with most measures obtained through standard clinical chemistry 126 

assays, but one measure (glucose at age 7) by NMR spectroscopy. 127 

Further details of measurement of study outcomes are available in ref (32). 128 

Statistical analysis 129 

We used multilevel models to examine the sex-specific patterns of change in each risk factor. (33, 130 

34) Multilevel models estimate mean trajectories of the outcome while accounting for the non-131 

independence (i.e. clustering) of repeated measurements within individuals, change in scale and 132 

variance of measures over time, and differences in the number and timing of measurements 133 

between individuals (using all available data from all eligible participants under a Missing at Random 134 

(MAR) assumption). (29, 35) All trajectories except BMI (fat mass, lean mass, SBP, DBP, pulse rate, 135 

glucose, insulin, triglycerides, HDL-c, non-HDL-c) were estimated using linear spline multilevel 136 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

8 
 

 
 

models (two levels: measurement occasion and individual). Trajectories of BMI were modelled using 137 

fractional polynomials (36) (two levels: measurement occasion and individual), since change in BMI 138 

during childhood follows a complex pattern that cannot be parsimoniously modelled using linear 139 

splines. Linear splines allow knot points to be fit at different ages to derive periods in which change 140 

is approximately linear. Fractional polynomials involve raising age to many combinations of powers, 141 

resulting in a wide range of possible curves and offering more flexibility than standard polynomial 142 

approaches.  143 

Trajectories were modelled separately for females and males to allow for different random effect 144 

variances between the sexes, i.e. allowing the between subject variability in outcomes to be 145 

different for males and females. Sex differences in the mean intercept and slopes of risk factors were 146 

examined by calculating the mean difference between the sexes for each risk factor and using the 147 

pooled standard error to calculate 95% confidence intervals for the difference. Values of 148 

cardiovascular risk factors that had a skewed distribution (BMI, fat mass, insulin and triglyceride) 149 

were (natural) log transformed prior to analysis. Differences between the sexes and confidence 150 

intervals were calculated on the log-scale. These values were then back-transformed and are 151 

interpreted as the ratio of geometric means. Graphs displayed for these outcomes are in original 152 

units and values were derived by back transforming from the log scale. Fat mass and lean mass were 153 

adjusted for height using the time- and sex-varying power of height that best resulted in a height-154 

invariant measure (see Table 2 in ref (32) for further details). All trajectories were modelled in 155 

MLwiN version 2.36 (37), called from Stata version 14 (38) using the runmlwin command. (39) We 156 

performed a number of sensitivity analyses to examine the robustness of our findings. Further 157 

details of model selection (Table 3-13 of ref (32)) and sensitivity analyses performed are provided in 158 

Supplemental Material.  159 

160 
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Results 161 

Sample sizes for different outcomes ranged from 662 participants (1,831 repeated measures) for 162 

insulin up to 13,985 participants (112,768 repeated measures) for BMI (Table 1). Mothers of 163 

participants included in the analysis of insulin tended to be more advantaged than mothers of 164 

participants excluded due to missing data but there were no differences in the distribution of sex 165 

between included and excluded participants (Table 14 in ref (32)). 166 

Anthropometry  167 

Mean BMI was similar in females and males at 1 year but by age 3 BMI was lower in females 168 

compared with males (Fig. 1) and (Table 15 in ref (32)). From age 7 years onward, mean BMI was 169 

higher in females. At age 18, mean BMI was 2.4% (95% Confidence Interval (CI), 1.6, 3.1%) higher in 170 

females compared with males.  171 

Height-adjusted fat mass was higher in females compared with males at age 9. This difference 172 

widened over time, particularly from age 13 onward due to an increase in the average height-173 

adjusted fat mass in females. At age 18, mean height-adjusted fat mass was 77.8% (95% CI, 73.0, 174 

82.8%) higher in females. In comparison, height-adjusted lean mass was lower in females at age 9 175 

years. The trajectories converged at age 13 but widened again thereafter due to a slower rate of 176 

increase in height-adjusted lean mass in females. At age 18, mean height-adjusted lean mass was 177 

18.4 kg (95% CI, 18.1, 18.7 kg) lower in females. 178 

SBP, DBP and pulse rate 179 

At age 7 years, males and females had similar SBP (Fig. 2) and (Table 16 in ref (32)). SBP increased at 180 

a faster rate in females compared with males from 7 to 12 years but at a slower rate from 12 to 18 181 

years resulting in a lower mean SBP in females from approximately age 13 onwards. At age 18, mean 182 

SBP was 10mmHg (95% CI, 10, 11 mmHg) lower in females. At age 7 years, DBP was higher in 183 

females. DBP increased at a similar rate in females and males up to age 12 whereas females 184 
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increased at a slower rate from 12 to 16. From 16 to 18, DBP decreased in both sexes but at a faster 185 

rate in males leading to a 1.7 mmHg (95% CI, 1.3, 2.0. mmHg) higher DBP in females at age 18. At age 186 

7 years, females had a higher mean pulse rate compared with males. In both sexes, pulse rate 187 

decreased with age and rates of change were similar between the sexes.  At age 18, mean pulse rate 188 

was 4.7 beats per minute (bpm) (95% CI, 4.1, 5.2 bpm) higher in females. 189 

Glucose and insulin 190 

At age 7 years, females had lower glucose levels compared with males (Fig. 3) and (Table 17 in ref 191 

(32)). Glucose increased similarly in both sexes from 7 to 15 years and decreased from 15 to 18 192 

years, with a faster rate of decrease in females. At age 18, mean glucose was 0.2 mmol/l (95% CI, 193 

0.2, 0.3 mmol/l) lower in females.  194 

At birth, females and males had similar insulin levels. Insulin increased in both sexes at a broadly 195 

similar rate until age 15 and decreased thereafter at a similar rate in both sexes. At age 18, mean 196 

insulin was 23.8% (95% CI, 10.8, 36.4%) higher in females. 197 

Lipids 198 

Females had similar triglycerides at birth but higher HDL-c and non-HDL-c compared with males (Fig. 199 

4) and (Table 18 in Ref (32)). From birth to 9 years, triglycerides and non-HDL-c increased in both 200 

sexes but at a faster rate in females. From birth to 7 years, HDL-c also increased in both sexes but at 201 

a slower rate in females.  202 

From 9 to 18 years, rates of change in triglycerides and non-HDL-c did not differ substantially 203 

between females and males. In contrast, HDL-c decreased at a faster rate in males from 7 to 18. At 204 

age 18 years, females had 3.8% (95% CI, 1.6, 6.1%) higher triglycerides, 0.17 mmol/l (95% CI, 0.15, 205 

0.18 mmol/l) higher HDL-c and 0.19 mmol/l (95% CI, 0.16, 0.23 mmol/l) higher non-HDL-c compared 206 

with males.  207 

Sensitivity analyses 208 
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Our results examining sex differences in the observed data at the first occasion of measurement and 209 

last occasion of measurement (age 18) for each risk factor were similar to those predicted from the 210 

multilevel model at those ages and age 18 (Table 19 in Ref (32)). Results were not substantially 211 

different when including only individuals with at least one measure before and one measure after 11 212 

years (Fig. 1-4 in Ref (32)). Results for BMI were not altered when the analysis was restricted to 213 

participants with 6 or more repeated measures (Fig. 5 in Ref (32)). Results were not altered when 214 

the observations of participants who did not fast in the four hours before the 15-and 18-year clinics 215 

were excluded from the models at those time points only (Fig. 6 and 7 in Ref (32)). Sex difference in 216 

glucose at ages 15 and 18 years, were similar whether standard clinical chemistry or NMR 217 

spectroscopy had been used to measure glucose (Table 1 in Ref (32)). This suggests that that the 218 

different glucose measure used at age 7 (NMR spectroscopy) and included in the trajectories 219 

compared to the measures used at later time points (from standard clinical chemistry) is unlikely to 220 

have influenced our findings. Our results for any measures of cardiovascular health were not altered 221 

when the observations of participants taking antihypertensive medications at the 18-year clinic (n=6) 222 

were excluded from analysis (data not shown).  223 
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Discussion 224 

In this paper, we examined longitudinal changes in 11 measures of cardiovascular health from early 225 

childhood through to 18 years in a large contemporary prospective birth cohort study. We found 226 

that sex differences in measures of cardiovascular health were apparent in early life and followed 227 

different patterns from childhood to early adulthood. Consistent with adult sex differences in 228 

contemporary populations  (40, 41), females had higher height-adjusted fat mass, pulse rate and 229 

lower height-adjusted lean mass and glucose from mid-childhood through adolescence and up to 230 

age 18. Also consistent with adult sex differences (42-44), males developed higher SBP and lower 231 

HDL-c during adolescence. In contrast to  adult sex differences (42, 45), we found that females had 232 

higher levels of insulin, triglycerides and non-HDL-c from birth or mid-childhood through 233 

adolescence and developed higher DBP by the end of adolescence. These findings have implications 234 

for understanding the sex-specific aetiology of cardiovascular risk across the life course and for sex 235 

differences in measures of cardiovascular health in future adults as contemporary child and 236 

adolescent populations mature.  237 

Implications 238 

Sex differences in absolute levels of many risk factors (45, 46), rather than sex differences in their 239 

relative association with CVD risk (with some exceptions (47)) are thought to be the greatest 240 

contributor to sex differences in cardiovascular disease risk in adults. Thus, understanding the 241 

mechanisms underlying sex differences in measures of cardiovascular health and differentiating 242 

naturally arising sex differences (due to genetic and hormones) compared with those which are 243 

modifiable may provide sex-specific prevention opportunities. Several mechanisms have been 244 

proposed to underlie sex differences in measures of cardiovascular health but these remain poorly 245 

understood. (48)  Our findings demonstrate that sex differences in measures of cardiovascular 246 

health in early life are each potentially driven by unique mechanisms due to substantial variation, 247 

between risk factors, in how sex differences emerge and change from birth to 18 years. For example, 248 
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sex differences in height-adjusted fat mass and lean mass were evident at age 9 and widened during 249 

adolescence (with girls having higher height-adjusted fat mass and lower height-adjusted lean mass). 250 

This suggests that sex differences in these are associated with mechanisms that pre-date 251 

adolescence but are further widened potentially due to hormonal changes associated with puberty. 252 

These hormonal changes, alongside changes in growth velocity and health behaviours, may also be 253 

associated with the emergence of the sex differences in SBP and HDL-c during adolescence. Our 254 

findings showed a rise in SBP and decrease in HDL-c in males in adolescence leading to a 10 mmHg 255 

higher SBP and 0.17 mmol/l lower HDL-c compared with females by age 18. However, this pattern of 256 

widening sex differences during adolescence was not common to all measures of cardiovascular 257 

health examined here. Sex differences that were present at birth and persisted throughout 258 

childhood and adolescence (non-HDL-c) may implicate genetics as an underlying mechanism, as the 259 

sex difference pre-dates exposure to the post-natal environment and gendered lifestyle behaviours. 260 

Further studies of the specific mediators of the sex differences identified here, such as pubertal 261 

timing, secondary sex characteristics, growth and lifestyle behaviours (smoking and physical activity) 262 

will be an important next step in understanding the sex-specific aetiology of cardiovascular risk. 263 

However, we acknowledge that we only have measures at birth for a small number of blood-based 264 

risk factors (insulin, triglycerides, HDL-c and non-HDL-c), with the next measure for these being 265 

several years later (between 7 to 9 years), preventing the modelling of change over time in infancy 266 

and early childhood with greater resolution. 267 

We found several sex differences in measures of cardiovascular health in childhood and adolescence 268 

which were not comparable to sex differences in previous childhood generations or contemporary 269 

adult populations that warrant further follow-up.  For example, females had higher DBP, 270 

triglycerides, and non-HDL-c at the end of adolescence in contrast to lower levels of these among 271 

females in other childhood cohorts (18, 21, 22, 49, 50)  and contemporary adults. (42-44) It is 272 

possible that sex differences in these will change during early adulthood, and eventually lead to 273 

lower levels in females. However, it is also possible that the different patterns of these in this 274 
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population compared with previous generations are due to a cohort effect because of increasing 275 

overweight and obesity in contemporary child populations. (24) Studies with repeated measures of 276 

cardiovascular risk factors across adolescence and into adult life are needed to examine how these 277 

sex differences track into adulthood and whether the pattern of sex differences in contemporary 278 

child and adolescent populations differs from sex differences in previous generations.  279 

Comparison with existing studies 280 

Few studies have examined sex differences in trajectories of measures of cardiovascular health 281 

through childhood and adolescence in contemporary populations. However, our findings are 282 

comparable with some earlier prospective studies. The Minneapolis Cohort Study (N=507) showed 283 

that whilst fat mass was higher in females from 11 to 19 years, similar rates of change in glucose, 284 

insulin, HDL-c, triglycerides, and non-HDL-c were observed for both sexes during adolescence such 285 

that sex differences remained stable during this period. (22) Project Heartbeat! (N=678) reported 286 

that sex differences in SBP began to emerge after age 11 years, with male SBP increasing at a faster 287 

rate, resulting in a lower SBP in females compared with males by age 18, consistent with our 288 

findings. (18) Our data support findings from the Bogalusa Heart Study (N=3,313), which showed 289 

that females had higher insulin and lower glucose than males from 5 to 17 years. (20) Project 290 

Heartbeat! and the Minneapolis Cohort Study found the same crossover from higher HDL-c in males 291 

to higher HDL-c in females in adolescence, as we have demonstrated here. However, both studies 292 

showed higher triglycerides and non-HDL-c in males compared with females by the end of 293 

adolescence, in contrast to our findings of higher levels of these in females at age 18.   294 

Strengths and Limitations 295 

There are several strengths to our study, including its prospective design, availability of repeated 296 

measures, the ability to examine a range of measures of cardiovascular health, and the use of multi-297 

level models which take account of clustering of repeated measures within individuals and the 298 

correlation between measures over time. We have also adjusted fat and lean mass using age-and 299 
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sex-specific powers of height; this approach is likely to result in a more accurate estimation of sex 300 

differences across childhood and adolescence. Limitations include combining non-fasting and fasting 301 

bloods for risk factors, the availability of measures from birth for only 4 out of the 11 risk factors, 302 

and the inclusion of glucose from NMR spectroscopy at age 7. We acknowledge that assays in cord-303 

blood may not be directly comparable to those measured in serum or plasma later in life. 304 

Furthermore, with a period of 9 or more years after the cord blood measures before the next 305 

measure of insulin, triglycerides HDL-c and non-HDL-c, there is a strong assumption that these 306 

measures of cardiovascular health change in a linear way between birth and age 9. However, while 307 

different sources of blood-based measures may affect the estimated mean shape of the trajectories 308 

over time, different measurements and assay methods are unlikely to impact the direction and 309 

magnitude of the estimated sex difference. Supporting this, the sex differences in glucose measured 310 

using conventional clinical chemistry assays and NMR spectroscopy at age 15 and 18 were highly 311 

comparable.  We have not explored the potential role of medications such as antihyperlipidemic 312 

drugs in this study; however, their prevalence is likely to be low in this population and the impact of 313 

medication use on our overall findings and the sex differences reported is likely to be minimal, as 314 

demonstrated when observations of individuals taking antihypertensive medications were excluded. 315 

A further limitation includes the use of BMI as a measure of adiposity which has several limitations in 316 

children despite its widespread use including, being unable to distinguish fat and lean mass, masking 317 

sex differences in these and its varying correlation with adiposity with age (as assessed directly by 318 

DXA scans) throughout childhood. However, we have included direct measures of height-adjusted 319 

fat mass and lean mass from DXA scans which provide more accurate insight into sex-and age-320 

related change in body composition over time than BMI. The number of people with measurements 321 

of each measures of cardiovascular health varied, meaning that our analysis samples differed 322 

between measurements and are not directly comparable. Loss to follow-up is also a limitation; 323 

however, we have shown that sex is not associated with exclusion from our analysis and we have 324 

also aimed to minimise potential bias by including all participants with at least a single measure of a 325 
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risk factor. In addition, we have shown that participants included in our analysis were more 326 

advantaged than those excluded due to missing data and loss-to-follow-up. Thus, the generalisability 327 

of our findings to the wider population may be limited. Furthermore, our findings are not 328 

generalisable to non-White populations as 98% of ALSPAC participants are Caucasians. 329 

Conclusion 330 

Sex differences in measures of cardiovascular health are apparent from birth or mid-childhood and 331 

change across the early life course, suggesting that early life factors may play a role in sex 332 

differences in cardiovascular disease. Further studies of the specific mechanisms underlying these 333 

sex differences and how sex differences in contemporary child and adolescenct populations track 334 

into adulthood are required  335 
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Table 1 Number of participants with cardiovascular measures at each time point included in the 507 

analysis from birth to 18 years 508 

 509 

 Birth Age 7 Age 9 Age 

10 

Age 11 Age 

12 

Age 

13 

Age 

15 

Age 

18 

Total 

measures 

Median 

measures 

(IQR) 

BMI a  x x x x x x x x 112,768 12 (9-15) 

Fat/lean mass   7,241  6,963  6,009 5,126 4,804 30,143 4 (3-5) 

SBP/DBP/pulse rate  8,057 7,586 7,152 6,996 6,624  5,277 4,629 45,961 5 (6-7) 

Glucose  5,480 842     3,464 3,266 13,052 2 (1-3) 

Insulin b 262  550     521 498 1,831 3 (3-3) 

Lipids c 4,770 5,394 5,048     3,460 3,254 21,926 3 (2-4) 

            

DBP, diastolic blood pressure; HDL-c, high density lipoprotein cholesterol; IQR, interquartile range; 510 

non-HDL-c, non-high-density lipoprotein cholesterol; SBP, systolic blood pressure. 511 

a Measures available at each of these approximate ages and at several ages in between but exact 512 

timing and number of BMI measures not shown as a total of 112,768 BMI measures were available 513 

from questionnaires, routine child health records and research clinics at different mean ages from 1 514 

to 18 years.  515 

b Additional measures available at these ages but the model was restricted to participants with at 516 

least one measure before and after age 11 years to allow model convergence. 517 

c Triglycerides, HDL-c and non-HDL-c. 518 

 519 

 520 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

23 
 

 
 

 521 

N=13,985     N=8,802     N=8,818 522 

Fig. 1 Mean predicted sex-specific trajectories of anthropometry. 523 

Mean trajectories of (A) BMI from 1 to 18 years, (B) height-adjusted fat mass, and (C) height-adjusted lean mass both from 9 to 18 years in the ALSPAC 524 

cohort, predicted from multilevel models. Shaded areas represent 95% confidence intervals. Note the different age range on the X axis for each outcome. 525 

Fat mass and lean mass were measured at 9, 11, 13, 15 and 18 years are adjusted for different age-and sex-specific powers of height. BMI was measured a 526 

median of 32 times from 1-18 years. Further details are included in (32). 527 
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 529 

N=9,922     N=9,922   N=9,922 530 

Fig. 2 Mean predicted sex-specific trajectories of blood pressure and pulse rate. 531 

Mean trajectories of (A) SBP, (B) DBP and (C) pulse rate from 7-18 years in the ALSPAC cohort, predicted from multilevel models. Shaded areas represent 532 

95% confidence intervals. Note the different age range on the X axis for each outcome. SBP, systolic blood pressure; DBP, diastolic blood pressure. SBP, DBP 533 

and pulse rate were measured at 7, 9, 10, 11, 13, 15 and 18 years. Further details are included in (32). 534 
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 536 

N=7,255     N=662 537 

Fig. 3 Mean predicted sex-specific trajectories of glucose and insulin. 538 

Mean trajectories of (A) glucose from 7 to 18 years and (B) insulin from birth to 18 years in the ALSPAC cohort, predicted from multilevel models. Shaded 539 

areas represent 95% confidence intervals. Note the different age range on the X axis for each outcome. Glucose was measured at 7, 9, 15 and 18 years. 540 

Insulin was measured at birth, 9, 15 and 18 years. Further details are included in (32). 541 
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 544 

N=10,128    N=10,115      N=10,098 545 

Fig. 4 Mean predicted sex-specific trajectories of lipids from birth to 18 years. 546 

Mean trajectories of (A) triglyceride, (B) HDL-c and (C) Non-HDL-c from birth to 18 years in the ALSPAC cohort, predicted from multilevel models. Shaded 547 

areas represent 95% confidence intervals. HDL-c, high density lipoprotein cholesterol. All three lipids were measured at birth, 7, 9 15 and 18 years. Further 548 

details are included in (32). 549 
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Reviewer #1 

 
Many thanks for responding to the reviewers' comments. A reviewer has no further comment on the 
current manuscript. 
 
Response: Thank you for taking the time to review our manuscript.  
 
 

Reviewer #2 
 
The Authors answered adequately to the reviewers' questions and modified accordingly the 
manuscript. 
 
Concern: Nonetheless, the concept of "measures of cardiovascular health" is still in my view highly 
questionable, if not confused. In the perception of most of us, cardiovascular health may be 
measured by other proxies, and not conceivably by the used biochemical measures. In addition, the 
use of heart rate - pulse - and of BP - seemingly "normal" - is hardly suitable to be considered a 
measure of cardiovascular health.  
 
Response: We agree with the reviewer that the broad term “measures of cardiovascular health” 
could include other proxies. However, the term “measures of cardiovascular health” does indeed 
encompass all of the measures that we have included here such as blood pressure or biochemical 
measures. All of these measures, including blood pressure and heart rate are recognised as 
measures of cardiovascular health by clinical guidelines. (1,2) Our original submission of this 
manuscript to Atherosclerosis used the catch-all term “cardiometabolic risk factors” in the title and 
across the paper. We changed this to “measures of cardiovascular health” in response to reviewers’ 
comments, on the basis that this would be more intuitive and more accurately represent what 
measures were included in the paper. We are happy to revert to “cardiometabolic risk factors” again 
if the reviewer feels this would be useful or we are also happy to consider another more appropriate 
term which the editor or reviewer might have.  
 
 

Reviewer #5 
 
The concerns raised were answered satisfactorily. 
 
Response: Thank you for taking the time to review our manuscript.  
 
 

1. Perret-Guillaume C, Joly L, Benetos A. Heart rate as a risk factor for cardiovascular disease. 
Progress in cardiovascular diseases. 2009; 52 (1): 6-10.  

2. Kannel WB. Blood pressure as a risk factor for cardiovascular disease. JAMA. 1996; 275 (20): 
1571-1576.  
 

 
 
 
 
 
 
 



Statement of Originality 

We declare that the work herein is the original work of the listed authors and is not under 

consideration elsewhere for publication. 

 

Statement of Originality



Conflicts of Interest Statement 

We wish to confirm that there are no known conflicts of interest associated with this publication and 

there has been no significant financial support for this work that could have influenced its outcome.  

We confirm that the manuscript has been read and approved by all named authors and that there 

are no other persons who satisfied the criteria for authorship but are not listed.  

We further confirm that the order of authors listed in the manuscript has been approved by all of us.  

We confirm that we have given due consideration to the protection of intellectual property 

associated with this work and that there are no impediments to publication, including the timing of 

publication, with respect to intellectual property. In so doing we confirm that we have followed the 

regulations of our institutions concerning intellectual property.  

We further confirm that any aspect of the work covered in this manuscript that has involved either 

experimental animals or human patients has been conducted with the ethical approval of all 

relevant bodies and that such approvals are acknowledged within the manuscript. 

We understand that the Corresponding Author is the sole contact for the Editorial process (including 

Editorial Manager and direct communications with the office). She is responsible for communicating 

with the other authors about progress, submissions of revisions and final approval of proofs.  

We confirm that we have provided a current, correct email address which is accessible by the 

Corresponding Author and which has been configured to accept email from lo15992@bristol.ac.uk 

On behalf of all co-authors, I, Linda O’Keeffe sign that all of the information herein this document 

is true and that no authors have any conflicts of Interest. This statement can be taken as my 

signature. 

*Conflict of interest form

mailto:lo15992@bristol.ac.uk


  

Data in Brief
Click here to download Data in Brief: DIB.zip

http://ees.elsevier.com/ath/download.aspx?id=621907&guid=75e73713-0cd0-4135-80d1-f81301f83c7b&scheme=1


 
Atherosclerosis style guide checklist 
 
Atherosclerosis applies format guidelines to all accepted papers, with the aim of improving their readability. 
 
Manuscripts that do not conform to the format guidelines of the Atherosclerosis Journal will be returned to 
the authors for reformatting. 
 
Please find below a questionnaire to guide authors to comply with the formatting requirements for revised 
submissions. For more detailed information, visit our website.  
 
Please note that when you answer “No” to a question, editing of your manuscript is required before 
submission to Atherosclerosis. 
 
Manuscript structure and style 
Does your manuscript contain all the below essential elements, in this order?     Yes No 
(please stick to the headers as indicated below) 
 

- Title             Y  
- Authors, Affiliations, Contact Information       Y 
- Abstract in the Atherosclerosis format (Background and aims, Methods, Results, Conclusions) Y 
- Introduction           Y 
- Materials and methods (or Patients and methods)       Y  
- Results            Y 
- Discussion           Y 
- Conflict of interest (mandatory) 
- Financial support (if applicable)  
- Author contributions (mandatory)  
- Acknowledgements (if applicable) 
- References 
- Figures and Tables (with legends in the suitable style) 

 
 
Abstract style 
Is the Abstract structured in the below sections?        Yes No 
  

- Background and aims          Y  
- Methods           Y  
- Results            Y 
- Conclusions           Y  

 
 

Figure and table legends 
Are figure and table legends formatted as described below?     Yes  No
  
Each figure and table legend should have a brief overarching title that describes the entire figure without citing specific 
panels, followed by a description of each panel, and all symbols used.      Y 
 
If a figure or table contains multiple panels, the letter describing each panel should be capitalized and surrounded by 
parenthesis: i.e. (A)(B)(C)(D).           Y 
 
Please make sure to apply the formatting requirements to figures and tables where necessary (e.g. style of p values, 
gene and protein nomenclature).         Y  
 
 
Footnotes to tables            
Are footnotes to tables formatted as described below?      Yes  No 
 
Footnotes to tables should be listed with superscript lowercase letters, beginning with “

a
.”   Y 

Footnotes must not be listed with numbers or symbols.       Y 
 

 
Abbreviations 
Are abbreviations defined when first used in the text?      Yes No 
 
Use of abbreviations should be kept at a minimum.       Y 

*Atherosclerosis style guide checklist

http://www.atherosclerosis-journal.com/content/authorinfo


 
 
 
Units 
Are units expressed following the international system of units (SI)?     Yes No 
 
If other units are mentioned, please provide conversion factors into SI units.    Y 
 
 
DNA and protein sequences 
Are gene names italicized?          Yes No 
 
Gene names should be italicized; protein products of the loci are not italicized.    NA  
For murine models, the gene and protein names are lowercase except for the first letter. 
(e.g., gene: Abcb4; protein: Abcb4)         NA 
 
For humans, the whole gene name is capitalized. 
(e.g., gene: ABCB4; protein ABCB4)         NA  
 
 
Mouse strains and cell lines 
Are knock-out or transgenic mouse strains and cell lines italicized and the symbol superscripted? Yes  No 
 
(e.g. ob/ob , p53

+/+
, p53

-/-
)          NA  

 
 
p values 
Are p values consistently formatted according to the below style throughout the manuscript 
(including figures and tables)?         Yes  No 
 
p <X 
p >X             NA  
p=X 
 
 
Language 
Is your manuscript written in good English?        Yes  No 
 
Please make sure that you consistently use either American or British English, but not a mixture of  Y 
Them. 
Please make sure that words are written consistently in the same way throughout the manuscript. Y 
e.g. non-significant or nonsignificant  
e.g. down-regulation or downregulation 
 
 
Artwork 
Have you submitted high-resolution versions of your original artwork?    Yes  No 
 
Please make sure to use uniform lettering and sizing in your original artwork, including letters to indicate panels, 
consistently throughout all figures.          Y 


