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Abstract 42 

Objectives: To test the hypothesis that age and body mass index (BMI) at BMI peak 43 

during infancy and at BMI rebound in childhood are related to cardiovascular 44 

autonomic modulation in adulthood. 45 

Methods: At the age of 46, a sample (n=5 861) of the participants of the Northern 46 

Finland Birth Cohort 1966 took part in follow-up examinations. Heart rate variability 47 

(HRV), baroreflex sensitivity (BRS) and low-frequency oscillations of systolic blood 48 

pressure (LFSBP) were measured during sympathetic stimulus by standing. BMI at 49 

various ages was calculated from frequent anthropometric measurements collected from 50 

child welfare clinical records. BRS and LFSBP were available for 1243 participants with 51 

BMI peak data and 1524 participants with BMI rebound data, and HRV for 2137 52 

participants with BMI peak data and 2688 participants with BMI rebound data.  53 

Results: Age at BMI rebound had a significant inverse association with LFSBP (Beta=-54 

0.071, p=0.006) after all adjustments (p<0.001) and was also directly associated with 55 

BRS (Beta=0.082, p=0.001) independently of birth and maternal factors (p=0.023). 56 

BMI at BMI peak and at BMI rebound was inversely associated with high frequency 57 

component of HRV (HF) (Beta=-0.045, p=0.036 for BMI at peak; Beta=-0.043, 58 

p=0.024 for BMI at rebound) and directly associated with the ratio of low- and high-59 

frequency components of HRV (LF/HF ratio) (Beta=0.084, p=<0.001 for BMI at peak; 60 

Beta=0.069, p<0.001 for BMI at rebound). These associations remained significant after 61 

all adjustments (p<0.05 for all).  62 

Conclusions: This novel study shows that younger age at BMI rebound and higher BMI 63 

at BMI peak and at BMI rebound are associated with higher levels in markers 64 



 4 

suggestive of augmented sympathetic and reduced vagal cardiovascular modulation in 65 

midlife.  66 
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Introduction 67 

Several recent studies have observed impaired cardiovascular autonomic modulation in 68 

children with obesity (1-8). Most of these studies have shown reduced vagal 69 

parasympathetic cardiovascular modulation (1-6) and some also increased sympathetic 70 

cardiovascular modulation or a shift of the sympatho-vagal balance towards sympathetic 71 

predominance (1, 2, 5) assessed by heart rate variability (HRV) and baroreflex 72 

sensitivity (BRS). Also, a reduction of both parasympathetic and sympathetic 73 

cardiovascular modulation in children with obesity has been reported (7, 8). It is well 74 

known that impaired cardiovascular autonomic regulation is an important risk factor 75 

associated with future cardiovascular and metabolic morbidity and mortality (9-12). It 76 

seems that the normal maturation of cardiovascular autonomic modulation is disrupted 77 

by childhood obesity and these individuals may be placed at a higher cardiovascular risk 78 

in adulthood. However, to the best of our knowledge no prior studies have explored 79 

whether childhood growth patterns are associated with cardiovascular autonomic 80 

regulation in adulthood. 81 

During infancy and early childhood, one’s growth curve usually follows a 82 

typical pattern. First, body mass index (BMI) increases from birth until the BMI peak of 83 

infancy, which typically occurs before one year of age. Thereafter BMI decreases before 84 

increasing again in later childhood. (13) This nadir of BMI is often referred to as BMI 85 

rebound or adiposity rebound, which usually takes place at the age of 5 to 6 years. Prior 86 

evidence shows that younger age at childhood BMI rebound is associated with obesity 87 

as well as other cardiovascular risk factors such as elevated blood pressure and insulin 88 

resistance in later life (14-18). Some studies have suggested that earlier BMI rebound is 89 

associated with later BMI and other cardiometabolic risk factors simply because it 90 
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identifies children with a high BMI or who are crossing over to a higher percentile, and 91 

the strong tracking of childhood BMI into adulthood (19-21). Indeed, childhood BMI 92 

has been associated with obesity and cardiovascular morbidity in adulthood, and the 93 

associations seem to be largely mediated by adult BMI (20, 21). However, as timing of 94 

BMI rebound involves the examination of several points in growth, it may give further 95 

insight into BMI patterns leading to future overweight and cardiometabolic risk (22). 96 

The long-term effects of BMI peak have been less studied. Higher BMI at BMI peak 97 

has been related to a higher BMI in later life (18, 23). Later BMI peak has also been 98 

associated with later overweight (18, 23). However, the latter correlation is weaker and 99 

partly controversial, suggesting that timing of BMI peak has a less important role in the 100 

tracking of future obesity than BMI at BMI peak (18, 23, 24).  101 

The aim of the present study was to explore the associations between 102 

growth in infancy and childhood, specifically BMI and age at BMI peak and at BMI 103 

rebound, and markers of cardiovascular autonomic function in midlife (46 years of age) 104 

in males and females in the Northern Finland Birth Cohort 1966 (NFBC1966) (25). The 105 

NFBC1966 is a large prospective study with extensive data on the participants from the 106 

fetal period to midlife. Our hypothesis was that later BMI peak, earlier BMI rebound 107 

and higher BMI at BMI peak and at BMI rebound are associated with poorer 108 

cardiovascular autonomic regulation in later life.  109 

 110 

Materials and Methods 111 

Participants: All pregnant mothers whose expected date of delivery fell between 112 

January 1st and December 31st 1966 in the two northernmost provinces of Finland (Oulu 113 

and Lapland) were invited to the prospective NFBC 1966 study. The cohort covers 114 
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96.3% of all births in 1966 in this area (n = 12 058 live births). Starting from their 115 

mothers’ recruitment during their first visit to maternity health centers on average on the 116 

16th gestational week, data has been collected on the participants’ growth, health, life 117 

style and socioeconomic status until middle age. The study has been conducted 118 

according to the Declaration of Helsinki and approved by the Ethical Committee of the 119 

Northern Ostrobothnia Hospital District in Oulu, Finland. The participants have 120 

provided their written informed consent for the study. 121 

Birth and maternal variables: Birth and maternal variables that were considered 122 

in the analyses as possible confounding factors include birth weight, gestational age, 123 

paternal (maternal if mother was single) socioeconomic status, mother’s age at delivery, 124 

pre-pregnancy weight, height, parity and maternal smoking during pregnancy. Paternal 125 

socioeconomic status (high, middle, low, farmer), parity (1, 2–3 and ≥4) and maternal 126 

smoking status (smoking ≥1 cigarette/day after 2nd month of pregnancy) were 127 

categorized using cutoffs adapted from Järvelin et al. 2004 (25).  128 

Growth variables: The growth modelling methods used in this study have been 129 

described in detail elsewhere (18). Briefly, BMI at various ages was calculated from 130 

frequent anthropometric measurements during infancy and childhood collected from 131 

child welfare clinical records. The average of 22 height and weight measurements per 132 

person were collected from 0 years until adulthood. Growth variables were derived from 133 

random effect models fitted at 0-1.5 years (n=3,265) and >1.5-13 years (n=4,121).  134 

Protocol at age of 46: A postal questionnaire-based data collection on the 135 

participant’s health status and life style was conducted in 2012-2014 (response rate 136 

66%, n=6 825). Smoking status, alcohol consumption, total sitting time during waking 137 

hours, nocturnal items of Athens Insomnia Scale (26) and physical activity were 138 
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inquired. Participants were invited to clinical examinations at the Center for Life Course 139 

Health Research (University of Oulu) with three laboratory units (Oulu, Southern and 140 

Northern Finland). A total of 5 861 (57%) participants participated in clinical 141 

examinations between April 2012 and March 2014. The participants entered the 142 

laboratory between 7:00 and 11:00 a.m. after an overnight fasting period (12 hours). 143 

Participants were instructed to avoid smoking and drinking coffee during the 144 

examination day. Venous blood samples were drawn from an antecubital vein for the 145 

analysis of glycemic and lipid status. Serum glucose, total cholesterol, high-density 146 

lipoprotein and low-density lipoprotein cholesterol, triglycerides and glycated 147 

hemoglobin were analyzed as previously described (27). Systolic (SBP) and diastolic 148 

blood pressure (DBP) were measured three times in 1-minute periods (the two lowest 149 

systolic values and the corresponding diastolic values averaged) with an automated 150 

sphygmomanometer (Omron M10, Omron Healthcare, Kyoto, Japan) in a seated 151 

position from the right arm after 15 minutes of rest. After various measurements, 152 

including anthropometry, the participants had a light meal 60-90 min before the 153 

assessments of cardiovascular autonomic function.  154 

Measurement and analysis of cardiovascular autonomic function: The 155 

protocol and analyses have been described elsewhere in detail (27). Briefly, the 156 

participant sat on a chair for instrumentation and review of the protocol. A heart rate 157 

(HR) monitor (RS800CX, Polar Electro Oy, Kempele, Finland) was used to record R-R 158 

intervals with an accuracy of 1 ms. In about half of the participants (Oulu laboratory 159 

unit only) spontaneous BRS was also assessed. Standard lead-II electrocardiography 160 

(ECG) (Cardiolife, Nihon Kohden, Tokyo, Japan), breathing frequency (MLT415/D, 161 

Nasal Temperature Probe, ADInstruments, Bella Vista, New South Wales, Australia), 162 
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and blood pressure by finger plethysmography (Nexfin, BMEYE Medical Systems, 163 

Amsterdam, the Netherlands) were recorded during the protocol with a sampling 164 

frequency of 1,000 Hz (PowerLab 8/35, ADInstruments). After 3 min recording in a 165 

seated position, the participant stood up and remained still in a standing position for 3 166 

min while breathing spontaneously. The first 150 s of recording in seated position and 167 

the last 150 s in standing position were analyzed. A total of 5 679 participants attended 168 

R-R interval recordings of whom 5 473 (96%) had eligible HRV data for both phases of 169 

the protocol (seated and standing). Mean HR, root mean square of successive 170 

differences in R-R intervals (rMSSD, ms), spectral power densities (fast Fourier 171 

transform, length 512 beats) at low (LF, 0.04-0.15 Hz, ms2) and high frequency (HF, 172 

0.15–0.40 Hz, ms2) components of HRV, and their ratio (LF/HF) were analyzed (28). 173 

For the BRS analysis, a fast Fourier transform (Welch method, segments of 128 samples 174 

with 50% overlap, length 1024 samples) was performed to analyze the LF power of R-R 175 

interval and SBP oscillations (LF ms2, LFSBP mmHg2) for subsequent analysis of BRS 176 

by the alpha method if sufficient coherence (≥0.5) between LF oscillations in R-R 177 

interval and SBP was verified (29, 30). Out of 2 726 recordings, BRS was successfully 178 

calculated for 2 641 participants in the seated position and 2 617 while they were 179 

standing. We focused on assessment of autonomic function in a standing position based 180 

on previous findings suggesting that LF/HF ratio and LFSBP would estimate sympathetic 181 

modulation during sympathetic stimulus by upright position (31).  182 

Inclusions/Exclusions: All participants with early growth and HRV or BRS data 183 

were included in the analyses. BRS and LFSBP were available for 1243 participants with 184 

BMI peak data and 1524 participants with BMI rebound data, and HRV for 2137 185 
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participants with BMI peak data and 2688 participants with BMI rebound data. (Figure 186 

1). 187 

Statistical analyses 188 

The data were analyzed using SPSS software (IBM SPSS Statistics 24, IBM Corp., New 189 

York, USA). A p-value <0.05 was considered as statistically significant. The 190 

distributions of the dependent variables were assessed by analyzing the skewness of the 191 

data and by visual inspection of histograms. In the case of skewed distribution (BMI at 192 

BMI peak and at BMI rebound, LF, HF, LF/HF, rMSSD, BRS, LFSBP), variables were 193 

transformed into natural logarithm (ln). These transformed variables were visually 194 

verified for normality (Gaussian distribution). Two-tailed t-test for independent samples 195 

was performed to compare men and women. Gender-interactions in the associations 196 

between early growth variables and cardiovascular autonomic function were tested by 197 

ANCOVA (gender*early growth variable [in tertiles]).  Univariate linear regression 198 

models were used to assess the relationships between early growth variables and adult 199 

cardiovascular autonomic function (HR, LF, HF, LF/HF, rMSSD, BRS, LFSBP measured 200 

in seated and standing positions).  201 

All significant associations between early growth variables and 202 

cardiovascular autonomic function in univariate analysis were further adjusted for 203 

potential confounders in multiple linear regression models. First for birth (gender, birth 204 

weight, gestational age) and maternal factors (socioeconomics, age, height, weight, 205 

smoking after 2nd month of pregnancy and parity), and, subsequently, also for 206 

continuous adult anthropometric (weight, height and waist-hip ratio) and 207 

cardiometabolic variables (HR, SBP, DBP, glycated hemoglobin, total cholesterol, high 208 

density cholesterol and triglycerides) as well as adult life style variables (smoking, 209 
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sitting time, alcohol consumption, Athens insomnia scale and physical activity). Finally, 210 

the significant univariate associations were further adjusted for diabetes based on 211 

previous or new diagnosis according to the criteria issued by the World Health 212 

Organization (fasting plasma glucose ≥7.0 mmol/l or 2-hour glucose ≥11.1 mmol/l in 213 

oral glucose test or glycated hemoglobin ≥ 6.5 %) (32), cardiac and respiratory disease, 214 

and antihypertensive medication. Variables were continuous where applicable. No 215 

significant collinearity between the independent variables was present (variance 216 

inflation factor <5 for all independent variables in the final models). Second degree 217 

polynomial terms were added for maternal age, height and weight to account for their 218 

nonlinear relationships with dependent variables. Among the included participants, 219 

there were some missing data in independent variables and covariates. We used 220 

maximum available participant-approach and the variation in the number of participants 221 

in specific analyses are noted in the results.  222 

 223 

Results 224 

Characteristics of the study population 225 

Table 1 describes the growth parameters, cardiometabolic profile and measures of 226 

cardiovascular autonomic modulation of the study population and their distribution by 227 

sex. Some sex differences were observed. Males were born larger and heavier than 228 

females and their BMI at BMI peak and at BMI rebound was significantly higher than 229 

in females. The timing of BMI rebound was earlier in females than in males. At 46 230 

years of age males had a more disadvantageous cardiometabolic profile than females. 231 

Regarding measures of cardiovascular autonomic modulation, males had higher values 232 

of LF, LF/HF ratio and LFSBP. HF and rMSSD values were similar for males and 233 
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females. BRS values were higher in males. Heart diseases were more common in males, 234 

and females were more frequently on antihypertensive medication. 235 

 Table 2 shows the correlations between early growth measures. Birth 236 

weight was moderately positively associated with BMI at BMI peak and at BMI 237 

rebound. Birth weight was inversely associated with age at BMI peak and at BMI 238 

rebound; though these associations were weak. Ages at BMI peak and BMI rebound 239 

were not correlated. Age at BMI peak was weakly associated with BMI at the same 240 

time, whereas its correlation to BMI at BMI rebound was slightly stronger. Age at BMI 241 

rebound had a moderate to strong inverse correlation with BMI at rebound. BMI at BMI 242 

peak and at BMI rebound were strongly positively correlated. 243 

Early growth and adult cardiovascular autonomic function 244 

No gender interactions in the associations between early growth and later cardiovascular 245 

autonomic modulation were observed. Table 3 reports the statistically significant 246 

associations between early growth and adult markers of cardiovascular autonomic 247 

modulation measured in a standing position. For the associations between early growth 248 

and HR, also non-significant correlations are shown. None of the early growth variables 249 

were associated with adult rMSSD or LF. Adjustment for birth and maternal factors are 250 

shown in Table 3. Further adjustment for adult anthropometrics, lifestyle and 251 

cardiometabolic risk and morbidity are shown in Table 4. Partly corresponding results 252 

were seen in associations between early growth and adult cardiovascular autonomic 253 

function measured in a seated position, though less associations were observed (data not 254 

shown).  255 

Infant BMI growth 256 
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Age at BMI peak was not related to measures of cardiovascular autonomic modulation 257 

in adulthood. Higher BMI at BMI peak was associated with lower HF and higher LF/HF 258 

ratio. These associations remained statistically significant after all adjustments. (Table 259 

3, Table 4).  260 

Childhood BMI growth 261 

Univariate analysis showed that earlier BMI rebound correlated with higher LFSBP and 262 

lower BRS (Table 3). Both of these associations remained statistically significant after 263 

adjustments for birth and maternal variables, and the association between age at BMI 264 

rebound and LFSBP even after further adjustment for adult variables (Table 3, Table 4). 265 

We also observed insignificant tendencies in the associations between age at BMI 266 

rebound and HF (standardized beta (Beta)=0.037, unstandardized beta (B)=0.05 [-0.001, 267 

0.1], p=0.056) and LF/HF ratio (Beta=-0.033, B=-0.03 [-0.07, 0.005], p=0.089). The 268 

relationship between age at BMI rebound and HF attenuated after adjustment for 269 

maternal and birth variables. The association between timing of BMI rebound and 270 

LF/HF ratio was independent of birth and maternal as well as adult factors (R2=0.159, 271 

Beta=-0.074, B=-0.07 [-0.1, -0.03], p=0.001 in final multivariate model).  HR was not 272 

associated with timing of BMI rebound. BMI at BMI rebound was directly associated 273 

with LF/HF ratio and inversely associated with HF and HR (Table 3). All of these 274 

correlations remained statistically significant after adjustments for all confounders 275 

(Table 3, Table 4). BMI at BMI rebound tended to associate with LFSBP (Beta=0.050, 276 

B=0.6 [-0.004, 1.2], p=0.052), and this association was not explained by birth and 277 

maternal and adult factors (R2=0.101, Beta=0.086, B=1.0 [0.3, 1.7], p=0.006 in final 278 

multivariate model). 279 

Discussion 280 
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Our main findings were that timing of BMI rebound and BMI in infancy and childhood 281 

were associated with markers of cardiovascular autonomic regulation in adulthood. 282 

Earlier BMI rebound was independently related to higher values of LFSBP and lower 283 

BRS suggesting that lower age at BMI rebound is associated with deteriorated 284 

cardiovascular autonomic regulation in adulthood. BMI at infant BMI peak and at 285 

childhood BMI rebound were inversely associated with HF and directly with LF/HF 286 

indicating that higher BMI in infancy and childhood is related to reduced vagal 287 

cardiovascular modulation and shift of the sympatho-vagal balance towards sympathetic 288 

predominance. These findings support our hypothesis that earlier age at BMI rebound 289 

and higher infant and childhood BMI are associated with poorer cardiovascular 290 

autonomic modulation in adults. No associations between age at BMI peak and later 291 

autonomic regulation were observed. 292 

Previous studies have suggested that childhood obesity disturbs the normal 293 

maturation of cardiovascular autonomic regulation (1-8). However, most of these 294 

studies are case control studies with relatively small sample sizes and therefore larger 295 

studies in a longitudinal setting are needed. Also, most studies have used BMI at fixed 296 

ages as a predictor, which does not take into account the heterogeneity in the 297 

developmental patterns of infancy and childhood.  In our study, frequent anthropometric 298 

measurements in infancy and childhood enabled modeling of individual growth 299 

trajectories. From the growth trajectories, we derived points in infant and childhood 300 

growth, BMI peak and BMI rebound, which have been related to future overweight and 301 

obesity (14, 16-18, 23, 24). Our study is the first to explore associations between 302 

childhood BMI growth patterns and cardiovascular autonomic modulation in adulthood. 303 
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BMI rebound seems to be an interesting period in childhood growth. Early 304 

BMI rebound has been shown to reflect increased weight gain in childhood with the 305 

weight gain being essentially due to accumulation of body fat rather than lean mass (33, 306 

34). Accumulation of fat mass has been related to alterations in adipose tissue function 307 

in early childhood (35). Together the excess fat, adipose tissue dysfunction and other 308 

obesity related changes cause the development of vascular changes already in childhood 309 

(36-38).  Timing of BMI rebound considers several BMI measurements of infancy and 310 

childhood, giving insight into early developmental patterns. A recent large study 311 

showed that early childhood is indeed a critical age for development of sustained 312 

obesity and that an increase in the BMI standard-deviation score between ages 2 and 6 313 

years is the most powerful predictor of adolescence obesity. Thus, it seems that patterns 314 

of BMI growth in early childhood, rather than the absolute BMI, may be important in 315 

identifying children with future cardiometabolic risk. (39) However, also absolute BMI 316 

values in childhood may be associated with future cardiometabolic outcome as obesity 317 

tends to persist into adulthood from as early as 3 years of age. (39) Our results show 318 

that early BMI rebound was associated with higher level in a marker considered to 319 

describe peripheral sympathetic modulation (LFSBP) (40) and we also observed a similar 320 

tendency regarding sympatho-vagal balance (LF/HF) (28, 40). Early BMI rebound was 321 

also associated with reduced vagal modulation. Similar features in markers of adult 322 

cardiovascular autonomic modulation were observed in children and even infants with 323 

higher BMI. Higher BMI at rebound (on average at 5.7 years) and at BMI peak (on 324 

average at 9 months of age) in childhood were related to lower parasympathetic 325 

cardiovascular regulation and sympathetic predominance in adulthood. These 326 
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associations were not attenuated by adjustment for birth and maternal factors or adult 327 

cardiometabolic factors and lifestyle. 328 

The alterations in adult HRV that we observed with earlier BMI rebound 329 

and higher infant and childhood BMI are similar to HRV alterations previously reported 330 

in children with obesity (1-8). This suggests that alterations in the maturation of 331 

cardiovascular autonomic function related to obesity may affect cardiovascular 332 

autonomic modulation in adulthood. Childhood BMI has a strong tendency to track into 333 

adulthood and the association between childhood obesity and adult cardiovascular 334 

morbidity seems to be in large part mediated by high adult BMI (20, 21). However, 335 

there is evidence of alterations of the cardiovascular system (vascular alterations and 336 

changes in the morphology of the heart) related to childhood obesity, which may place 337 

children with obesity at predisposition to cardiometabolic diseases (36-38, 41). In our 338 

study the associations between early growth and adult cardiovascular autonomic 339 

modulation were not attenuated after adjustment for adult weight status, suggesting that 340 

childhood growth patterns may contribute to later cardiovascular autonomic modulation 341 

even independently of the strong tracking of BMI into adulthood.  342 

 In a previous study, we found that mothers’ overweight prior to 343 

pregnancy, excess gestational weight gain and birth weight are associated with 344 

cardiovascular autonomic regulation in adulthood (27). Maternal overweight prior to 345 

pregnancy has also been shown to be associated with adverse childhood growth 346 

patterns, e.g., early adiposity rebound (42, 43). Based on these previous observations it 347 

could be speculated that prenatal influences may also have contributed to our present 348 

findings concerning the relationship between infant and childhood BMI growth patterns 349 
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and adult cardiovascular autonomic regulation. These notions emphasize the importance 350 

of maternal and childhood weight development and control. 351 

Many factors have been shown to influence cardiovascular autonomic 352 

modulation including cardiometabolic risk factors and lifestyle. However, these factors 353 

explain surprisingly little of the inter-individual variance in cardiovascular autonomic 354 

function. (44, 45) In our study childhood BMI growth patterns remained significant 355 

determinants of cardiovascular autonomic regulation in adulthood. However, relatively 356 

low R2 levels in the final models suggest that even if birth and maternal factors, early 357 

growth as well as adult cardiometabolic profile and lifestyle are combined together, they 358 

only partly explain cardiovascular autonomic regulation in adulthood suggesting a 359 

contribution of genetic and still unknown factors.  360 

Study strengths and limitations  361 

The present study is unique in that it has the longest follow-up from early 362 

pregnancy until middle age ever reported on these measures. Large general population 363 

sample, longitudinal setting and comprehensive high-quality data on the study 364 

participants ensure quality of reported results. However, there are also some limitations. 365 

Our study sample did not fully represent the whole NFBC 1966, which should be taken 366 

into account when interpreting the results. The recordings for R-R interval and blood 367 

pressure data were relatively short. Cardiovascular autonomic function is affected by, 368 

e.g., the time from the previous meal, which although controlled, was relatively short in 369 

the present study. Nicotine and caffeine withdrawal may also have affected the 370 

measures of cardiac autonomic function. Also, spontaneous breathing may confound the 371 

spectral analysis of cardiovascular oscillations. The role of LF/HF ratio and LFSBP as 372 

markers of sympathetic autonomic regulation is less well established when measured at 373 
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rest or exercise (46, 47). However, we used the measurements obtained in standing 374 

position as they better reflect sympathetic autonomic modulation.  375 

 376 

Conclusions 377 

Our study provides novel information on an association between timing of BMI 378 

rebound, early childhood BMI and cardiovascular autonomic regulation in adulthood 379 

suggesting that early effects in the maturation of cardiovascular autonomic function 380 

may reflect into adulthood.  381 
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Table 1. Characteristics of the study population 519 

 Male  Female p-value 

Growth variables    

Gestational age (weeks) 40.1 (1.9) 40.2 (1.8) 0.174 

Birth weight (grams) 3587 (518) 3448 (475) <0.001 

Birth length (cm) 50.9 (2.1) 50.0 (2.0) <0.001 

Age at BMI peak (years)* 0.74 (0.06) 0.75 (0.06) 0.080 

Age at BMI rebound (years) 5.8 (0.9) 5.6 (0.9) <0.001 

BMI at BMI peak (kg/m2)* 18.3 (1.1) 17.9 (1.1) <0.001 

BMI at BMI rebound (kg/m2) 15.4 (1.0) 15.3 (1.2) 0.023 

    

Cardiometabolic outcomes at 

46 years 

   

Weight (kg) 86.6 (14) 72 (15) <0.001 

Height (cm) 178 (6.3) 165 (6.1) <0.001 

BMI (kg/m2) 27.2 (4.2) 26.6 (5.2) 0.001 

Waist-hip ratio 0.98 (0.06) 0.87 (0.06) <0.001 

SBP (mmHg) 129 (14) 119 (15) <0.001 

DBP (mmHg) 86 (10) 82 (11) <0.001 

HbA1c (%) 5.6 (0.6) 5.4 (0.5) <0.001 

Total cholesterol (mmol/l) 5.6 (1.0) 5.2 (0.9) <0.001 

HDL cholesterol(mmol/l) 1.4 (0.3) 1.7 (0.4) <0.001 

LDL cholesterol (mmol/l)  3.7 (0.9)  3.2 (0.8) <0.001 

Triglycerides (mmol/l) 1.5 (1.0) 1.1 (0.6) <0.001 

Diabetes (n) 85 (7%) 83 (6%) 0.087 

Heart diseases (n) 33 (3%) 24 (2%) <0.001 

Antihypertensive medication (n) 141 (12%) 195 (13%) <0.001 

    

Cardiac autonomic function at 

46 years 

   

HR (bpm) 81 (73-90) 83 (75-92) <0.001 

rMSSD (ms) 12.2 (8.1-19) 12.1 (7.9-18) 0.412 

BRS (ms/mmHg)** 4.66 (3.2-6.7) 4.13 (3.0-5.8) <0.001 

LFSBP (mmHg2)** 9.39 (5.3-16) 7.57 (4.5-13) <0.001 

LF (ms2) 269 (134-546) 191 (101-354) <0.001 

HF (ms2) 64.0 (27-144) 72.0 (29-160) 0.107 

LF/HF 4.41 (2.4-7.6) 2.81 (1.6-5.0) <0.001 

Values are mean (SD), median (1st-3rd quartile) and p-value for sex difference. BMI 520 

body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbA1c 521 

glycated hemoglobin, HDL high-density lipoprotein cholesterol, LDL low-density 522 

lipoprotein cholesterol. HR heart rate, rMSSD root mean square of successive 523 

differences in R-R interval, BRS baroreflex sensitivity, LFSBP low frequency power of 524 

systolic blood pressure variability, LF low frequency power of R-R interval variability, 525 

HF high frequency power of R-R interval variability, LF/HF ratio of low and high 526 

frequency power of R-R interval variability measured in a standing position. n= 1183-527 
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1218/1419-1470 for men/women unless noted otherwise.  *n=965/1172 and **696/828 528 

for men/women 529 

  530 
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Table 2. Correlations between measures of early growth 531 

 Birth weight Age at BMI peak Age at BMI rebound BMI at BMI peak 

Age at BMI peak -0.082** 1   

Age at BMI rebound -0.049** 0.004 1  

BMI at BMI peak 0.289** 0.114** -0.012 1 

BMI at BMI rebound 0.219** 0.219** -0.526** 0.608** 

Correlations are Pearson’s correlation coefficients (r). *correlation is significant at the 532 

0.05 level (two-tailed), **correlation is significant at the 0.01 level (two-tailed). BMI 533 

body mass index.  534 
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Table 3. Association between early growth and cardiovascular autonomic regulation in adulthood adjusted for birth 

and maternal variables 

All significant associations between early growth and adult cardiovascular autonomic modulation measured in a standing position are shown. For 

associations between heart rate and adult cardiovascular autonomic modulation also insignificant correlations are shown. The values are 

statistical significances from linear regression models (p), explained variance of the model (R2), and standardized beta (Beta) and unstandardized 

beta (B) with 95% confidence interval (95% CI) for the main independent variable. BMI peak peak of body mass index, BMI rebound rebound of 

body mass index. HR heart rate, BRS baroreflex sensitivity, LFSBP low frequency power of systolic blood pressure variability, LF low frequency 

power of R-R interval variability, HF high frequency power of R-R interval variability, LF/HF ratio of low and high frequency power of R-R 

interval variability measured in a standing position. Because of skewed distributions variables BMI at BMI peak and at BMI rebound, BRS, 

LFSBP, HF, LF/HF were transformed into natural logarithm (ln) before further analysis. Adjustments Block 1: gender, birthweight, gestational 

age, father’s socioeconomic status, maternal age, height, weight, smoking after 2nd month of pregnancy and parity. *n=2137 for HRV at BMI 

peak; n=2688 for HRV and n=1524 for BRS/LFSBP at BMI rebound. **n=1895 for HRV at BMI peak; n=2356 for HRV and n=1353 for 

BRS/LFSBP at BMI rebound.  

  

  Univariate Multivariate 

  * Adjusted Block 1** 

  R2  Beta B (95% CI) p R2  Beta B (95% CI) p 

Age at BMI peak HR 0.000 -0.017 -3.7 [-13, 5.7] 0.435 0.009 -0.027  -6.0 [-16, 4.2] 0.248 

Age at BMI rebound HR 0.000 -0.008 -0.1 [-0.7, 0.4] 0.670 0.008 -0.002  -0.03 [-0.6, 0.6] 0.917 

 BRS 0.007 0.082 0.05 [0.02, 0.08] 0.001 0.022 0.063  0.04 [0.005, 0.07] 0.023 

 LFSBP 0.005 -0.071  -0.06 [-0.1, -0.02] 0.006 0.037 -0.088  -0.08 [-0.1, -0.03] 0.002 

BMI at BMI peak HR 0.001 -0.034 -7.3 [-17, 1.9] 0.118 0.009 -0.024  -5.2 [-16, 5.2] 0.325 

 HF 0.002 -0.045  -1.0 [-2.0, -0.07] 0.036 0.011 -0.053  -1.2 [-2.3, -0.1] 0.029 

 LF/HF 0.007 0.084 1.2 [0.6, 1.8] <0.001 0.074 0.062  0.9 [0.2, 1.6] 0.009 

BMI at BMI rebound HR 0.003 -0.052 -9.5 [-16, -2.6] 0.007 0.011 -0.056 -10 [-18, -2.5] 0.009 

 HF 0.002 -0.043 -0.8 [-1.5, -0.1] 0.024 0.007 -0.045  -0.8 [-1.6, -0.05] 0.037 

 LF/HF 0.005 0.069 0.9 [0.4, 1.3] <0.001 0.067 0.069 0.8 [0.3, 1.3] 0.001 
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Table 4. Association between early growth and cardiovascular autonomic regulation in adulthood further adjusted 

for adult anthropometrics, lifestyle and cardiometabolic risk factors and morbidity 

 
  Multivariate 

  Adjusted Block 2 Adjusted Block 3 

  R2  Beta  B (95% CI) p R2 Beta B (95% CI) p 

Age at BMI peak HR 0.130 -0.015 -3.4 [-14, 6.7] 0.507 0.132 -0.016  -3.7 [-14, 6.5] 0.479 

Age at BMI rebound HR 0.129 0.017 -0.2 [-0.4, 0.9] 0.463 0.131 0.019  0.3 [-0.4, 0.9] 0.428 

 BRS 0.466 0.010  0.006 [-0.02, 0.04] 0.677 0.472 0.011 0.006 [-0.02, 0.04] 0.662 

 LFSBP 0.098 -0.111  -0.1 [-0.2, -0.04] 0.001 0.105 -0.113  -0.1 [-0.2, -0.05] <0.001 

BMI at BMI peak HR 0.130 -0.021  -4.7 [-15, 5.9] 0.385 0.132 -0.024  -5.3 [-16, 5.3] 0.325 

 HF 0.430 -0.073  -1.7 [-2.5, -0.8] <0.001 0.435 -0.075 -1.7 [-2.6, -0.8] <0.001 

 LF/HF 0.169 0.062  0.9 [0.2, 1.6] 0.010 0.170 0.062 0.9 [0.2, 1.6] 0.011 

BMI at BMI rebound HR 0.132 -0.069  -13 [-21, -4.3] 0.003 0.135 -0.069 -13 [-21, -4.3] 0.003 

 HF 0.421 -0.070  -1.3 [-2.0, -0.6] <0.001 0.426 -0.069  -1.3 [-2.0, -0.6] <0.001 

 LF/HF 0.162 0.099  1.2 [0.7, 1.8] <0.001 0.163 0.100  1.2 [0.7, 1.8] <0.001 

All significant associations between early growth and adult cardiovascular autonomic modulation measured in a standing position are shown. For 

associations between heart rate and adult cardiovascular autonomic modulation also insignificant correlations are shown. The values are 

statistical significances from linear regression models (p), explained variance of the model (R2), and standardized beta (Beta) and unstandardized 

beta (B) with 95% confidence interval (95% CI) for the main independent variable. BMI peak peak of body mass index, BMI rebound rebound of 

body mass index. HR heart rate, BRS baroreflex sensitivity, LFSBP low frequency power of systolic blood pressure variability, LF low frequency 

power of R-R interval variability, HF high frequency power of R-R interval variability, LF/HF ratio of low and high frequency power of R-R 

interval variability measured in a standing position. Because of skewed distributions variables BMI at BMI peak and at BMI rebound, BRS, 

LFSBP, HF, LF/HF were transformed into natural logarithm (ln) before further analysis.  Adjustments Block 2: Block 1(gender, birthweight, 

gestational age, father’s socioeconomic status, maternal age, height, weight, smoking after 2nd month of pregnancy and parity) and adult 

anthropometrics and cardiometabolics: weight, height, heart rate, systolic and diastolic blood pressure, waist-hip ratio, glycated hemoglobin, total 

cholesterol, high density cholesterol, triglycerides; and lifestyle: current smoking, sitting time, sufficiency of sleep, physical activity and alcohol 

consumption. Block 3: Block 1, 2 and diabetes, respiratory diseases, heart diseases and antihypertensive medication. n=1698 for HRV at BMI 

peak; n=2116 for HRV and n=1234 for BRS/LFSBP at BMI rebound. 
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Figure 1. Flowchart of study population, Northern Finland Birth Cohort 1966 

 

 

HRV heart rate variability, BRS baroreflex sensitivity, BMI body mass index. 

 


