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General discussion

The general aim of the studies described in this thesis was of two sorts; in the first place to 

study the effects of prenatal and early postnatal growth on various adult health outcomes in 

individuals born preterm or with a low or very low birth weight, and in the second place to 

address methodological issues closely related to early origins of adult disease studies. In this 

chapter we will consider the results found in these studies in a more extensive perspective, 

both theoretically and clinically. At first, we will reflect on the broad scope of definitions, 

associations, and pathology that lies behind the term ‘metabolic syndrome’. Next, we will briefly 

relate this to the early origins hypothesis and its putative underlying etiological mechanisms. 

Subsequently, we will consider the sequence of posing research questions, building regression 

models, and interpreting results in early origins studies. This will be followed by several 

methodological issues inherently intertwined with the populations studied, after which we 

will address our main findings in relation to the recent literature about these topics. Finally, 

clinical relevance and future research perspectives will be discussed.

A metabolic syndrome?

The metabolic syndrome and some of its separate components form important outcome 

measures in our clinical studies in the HUNT and POPS populations. However, at first glance it 

becomes evident that this so called metabolic syndrome has no universally accepted definition, 

and that a confusion of tongues seems to exist. Numerous names and definitions coexist 

for the syndrome, of which those of the World Health Organization, the American Heart 

Association, the International Diabetes Federation, and the National Cholesterol Education 

Program are most widely used.1-4 While those definitions agree in considering central obesity, 

impaired glucose tolerance, dyslipidemia, and hypertension as essential components, they 

differ about corresponding cut-off levels, for these traits are all continuous variables artificially 

cut into the binary variable physiological versus pathological. Besides, the definitions differ in 

the algorithm used to cluster components to a syndrome, in how to measure glucose tolerance 

and obesity, in the appliance or non-appliance of different cut-offs for anthropometric values 

in different ethnic populations, and in the inclusion of the additional components micro-

albuminuria in the WHO definition.1 The result of this excessive number of definitions is a 

decreased generalizability of results found, and a thwarted comparison of the prevalence of 

the metabolic syndrome in different populations, for prevalences in the same population vary 

impressively depending on the syndrome definition used.5,6 

The original WHO definition of the metabolic syndrome is unique in the inclusion of 

microalbuminuria,1 which is the earliest clinical manifestation of obesity-associated kidney 
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damage and diabetic nephropathy in humans. The association between the kidney, obesity, 

and the metabolic syndrome is complex and might be pathologically mediated by both type 

II diabetes and hypertension.7 Though not undisputed, microalbuminuria has repetitively 

been found as a marker of insulin resistance and glucose intolerance that becomes evident 

before diabetes, and may thus serve as a marker of disease activity.8 However, even in non-

diabetic adults the metabolic syndrome has been shown to be independently associated with 

an increased risk for chronic kidney disease.9 So, apart from functioning as a complementary 

marker of insulin resistance only, the damaged kidney has a dual role with regard to the 

metabolic syndrome. This might be due to the fact that the kidney is closely associated 

with hypertension as well. On one hand, the kidney can raise blood pressure by several 

mechanisms hence provoking hypertension, while on the other hand hypertension aggravates 

the progression of renal disease.10 This hypertension found in obesity, another component of 

the metabolic syndrome, appears to be closely linked to abnormal kidney function caused by 

simultaneous activation of the renin angiotensin system, of the sympatic nerve system, and 

by physical compression of the kidneys when visceral obesity is present.7 However, despite 

increased pathophysiological understanding, the precise interaction between the kidneys and 

the metabolic syndrome has not been unraveled yet. 

In the pediatric field as well a tangle of definitions for the metabolic syndrome used in parallel 

exists, with the definition of the International Diabetes Federation being the most recent 

one.11 This abundance is not surprising, for in children and adolescents defining ‘the metabolic 

syndrome’ is even more complex than in adults. In the first place, several components of the 

syndrome, e.g. waist circumference and blood pressure, increase with age, and part of them 

are also influenced by puberty, like fat distribution and insulin sensitivity.12 Secondly, the end 

points for which the syndrome might give an increased risk are still far away in time and usually 

do not occur until in late adulthood. Therefore, direct evidence for the predictive value of the 

syndrome in childhood for increasing the risk of adult cardiovascular death or even disease 

is lacking, and instead only surrogate end points are reported.13 However, the international 

increase in overweight and obese infants and adolescents14 has lead to an urge to define the 

syndrome in this young and dynamic population as well, and numerous definitions coexist.15 

Partly, the problems mentioned above have been resolved by classifying children into age groups 

with different definitions, and by using age- and sex-specific percentiles or Z-scores in most 

definitions.15 However, it should be stressed that anthropometric reference charts generally 

have a descriptive origin and not a normative one, so when the population as a whole becomes 

more obese during the years, the same percentile lines represent increased BMI values. This has 

been clearly shown in the Netherlands between 1980 and 1997.16 This knowledge should be 

kept in mind when defining which percentile should serve as cut-off point. Besides, as reference 

charts tend to result from cross-sectional data collection, the inter-individual variance in the 

onset of puberty is intertwined in the reference values of individual ages. 
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The reason that ‘The Metabolic Syndrome’ as such does not exist, neither in adults nor in 

children, is partly inherent to it being a syndrome, as the definition of a syndrome is rather 

vague. The word ‘syndrome’ in Greek means ‘the confluence’, and this confluence is the only 

basis of a syndrome, which is usually defined as: “a symptom complex of unknown etiology, 

which is characteristic of a particular abnormality” (MeSH term), or: ‘a pattern of multiple 

anomalies thought to be pathologically related’.17 However, while the etiology per definition 

is still unknown in the initial decision of calling a constellation of symptoms a syndrome, 

it is implicitly expected that this unifying pathological relation will be found in subsequent 

research. Nevertheless, a satisfying unifying pathological base for the metabolic syndrome has 

not yet been found, despite intensive research, while the concept of the metabolic syndrome 

has been used for decades.18 Various hypotheses have been postulated, of which the insulin 

resistance hypothesis with glucose intolerance as central key player to explain the pathology 

of the other features of the syndrome is the most profoundly worked out and generally 

accepted one.19 However, it is possible to have the metabolic syndrome without being insulin 

resistant, and the association of insulin resistance with some of the other components of the 

syndrome is rather weak, while other more closely related features are excluded from the 

definition.20 Other complementary and alternative hypotheses with a more prominent role 

for central obesity,3 inflammation,21 or neurobiology22 have been proposed, but have not led 

to a satisfying single underlying etiology, which is, together with the ill-defined dichotomous 

criteria, grist to the mill of the opponents of the existence of a metabolic syndrome.20,23 

In addition to the physiologist’s point of view from which a unitary causation is lacking, the 

metabolic syndrome is also criticized from an epidemiologist’s point of view. Regardless if the 

expected common etiology has already been unraveled or not, the practical usefulness of 

working with a syndrome construct is the improved prediction of disease or complications 

compared with the sum of its separate components. And this, in turn, can be used in policy 

making and daily clinical practice. Originally, the metabolic syndrome has been defined 

because it should predispose to diabetes and cardiovascular disease (CVD).1 Indeed, the 

metabolic syndrome is associated with an increased risk of type two diabetes.24,25 However, 

as impaired fasting glucose, impaired glucose tolerance, or even overt diabetes form all 

components of the different definitions, this finding does not really strike like a bolt from 

the blue. The metabolic syndrome predicts future cardiovascular events in men and women 

as well.6,26 But again, objections can be raised; in the first place, the various definitions of 

the metabolic syndrome do not seem to predict better than existing risk scores for Cardio 

Vascular Disease (CVD) like the Framingham risk score.27,28 And more important, they do not 

predict better than the sum of the separate components.5,29,30 As the syndrome is composed 

of components which do all form well established, undisputed risk factors for CVD, a more 

than additive risk in case of clustering of components ought to form the mere advantage 

of taking them together in one definition. Taken all this criticism together, the usefulness 
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of the concept “metabolic syndrome” for the clinician seems to be little, as establishing the 

diagnosis improves neither pathophysiological understanding nor clinical utility. 

While indications for a common underlying etiology of the metabolic syndrome are often 

searched for in basic research as in animal models, or statistical models like factor analyses, 

another form of circumstantial evidence can be found in the classical logic form of modus 

tollens, i.e. “denying the consequent”. In science this form became well known when it was 

used by Karl Popper, who postulates that falsifiability is a prerequisite for a scientific theory. 

And though no rockbottom of knowledge exists, the best theory is that with the highest 

empirical content combined with the highest degree of corroboration.31 With our study on 

the metabolic syndrome in the HUNT we tested the hypothesis that the metabolic syndrome 

is a true syndrome with one common underlying etiology. If this first premise is true, the 

second premise is that all components of the metabolic syndrome should show the same kind 

of association with this underlying cause. Part of the underlying etiology of the metabolic 

syndrome - including that of the insulin resistance component – is likely to be formed by 

early life experiences, for small but recurring effects have been found for several of the 

separate components e.g. hypertension and glucose intolerance.32,33 In that case all separate 

components of the metabolic syndrome should have the same kind of association with an 

early life parameter, e.g. birth weight. However, we found several statistically significant 

but inconsistent associations of birth weight with the separate components of the so called 

metabolic syndrome. Though alternative explanations are imaginable, this result does not 

corroborate the metabolic syndrome as a true syndrome with one single underlying etiology. 

Early origins

Underneath this level of epidemiological associations, several mechanisms have been proposed 

with regard to the explanation of the replicated associations between early growth and various 

adult metabolic diseases. Typically, the major contrast is formed by the ‘thrifty phenotype’ 

hypothesis which was first postulated by Barker et al. on one hand, and the ‘thrifty genotype’ 

hypothesis on the other hand. In the first theory, the fetus is thought to adapt to intrauterine 

shortage of nutrients by a reduced capacity for insulin production by the pancreas, and insulin 

resistance, which results in reduced somatic growth in utero, and subsequent an increased 

adult disease sensitivity when growing up in a nutrient rich postnatal environment.34 In the 

second theory, reduced insulin-mediated fetal growth and adult insulin resistance, type II 

diabetes, and disease susceptibility are all regarded as phenotypes corresponding to the same 

insulin-resistance genotype.35 Adjacent to these two opposites, other hypotheses have been 

generated, like the “catch-up growth” hypothesis in which early postnatal catch-up growth is 

thought to be the pathogeneous link between fetal and adult life by causing over-activation of 
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the IGF system which in turn will result in secondary insulin resistance.36 Further, in the “fetal 

salvage” hypothesis the importance of insulin resistance is stressed while in contrast to the 

fetal insulin hypothesis beta cell hypoplasia is not thought to play a role in the development 

of adult disease in this theory.37 Finally, also increased fetal exposure to cortisol mediated 

by decreased maternal enzyme activity is suggested to connect low birth weight and adult 

disease, especially hypertension.38 

Recently, there is increasing evidence that epigenetic mechanisms, which concern the 

regulation of gene activity without affecting the genetic DNA code itself, might underlie the 

associations between early life parameters and adult disease. Epigenetic mechanisms tend to 

be gene specific and cell specific, and though it is unclear when they exert their effects on 

human developmental plasticity and subsequent disease susceptibility, this window might 

well extend from before conception until early postnatal life.39 Though much has still to be 

unravelled about epigenetic mechanisms and their role in the early origins of adult disease, 

they might well form a union between in former partly contradicting hypotheses. 

Methodological reflections

Originally, only the effect of birth weight as a proxy for prenatal growth and influences on 

adult health outcomes was presented,40 which is quite straightforward. However, it is well 

known that adult metabolic outcomes, e.g. blood pressure, are strongly positively associated 

with current adult weight.41,42 Besides, birth weight and subsequent adult weight are also 

positively associated.43 With this triad of associations in mind, researchers have subsequently 

almost invariably adjusted associations between birth weight and adult outcome for current 

adult weight with different explanations. Some of them just do so without any explanation,44 

most of them consider current weight or BMI as a potential confounder.45

Subsequently, a debate arose about whether this adjustment for current weight in early origin 

studies was justified, for it might well be an intervening variable in the causal pathway. This 

controversy was fuelled by Huxley et al. who showed in a meta-analysis that there was little 

or no relationship between birth weight and adult blood pressure without adjustment for 

current weight. She postulated the extreme statement that “adjustment for current weight 

might produce a spurious inverse association even if birth weight and current blood pressure 

are uncorrelated”.46 Theoretically, this situation might indeed occur as described more formally 

by Hernán et al. who propagate the use of causal diagrams to encode a priori subject matter 

knowledge before deciding whether a variable is a confounder that should be adjusted for 

in the analyses.47
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Finally, Lucas et al. transposed the main point of the discussion from the interpretation of the 

changing prenatal weight component to the interpretation of the current weight component. 

The effect of adding current weight into a regression model with early weight and adult 

outcome is intricate. Lucas et al. suggests that such a model should be interpreted as the effect 

of change in weight between birth and adulthood (postnatal centile crossing), rather than the 

effect of restricted fetal growth.48 Moreover, it might be that especially those individuals with 

the lowest birth weights and the highest postnatal weight change have the highest changes 

on adult diseases.49,50

A well defined research question should be considered before building and interpreting any 

model. Given that the relationship between adult weight as such and adult metabolic diseases 

has already been sufficiently established, three separate research questions remain. The first 

one is the one it all started with: what is the effect of birth weight on adult disease? We 

think it theoretically unjustified to adjust for current adult weight in assessing this association, 

for adult weight is situated in the causal pathway. Birth weight is a proxy measurement of 

a dynamic process; prenatal growth (which once more might be considered to be a proxy 

variable as well, but this falls beyond the scope of this discussion). Birth weight itself alters at 

the very first day of life, as weight changes rapidly in small infants. Therefore, this potential 

risk indicator for adult disease should exert its effect through other, biological pathways. Adult 

size - which is as well a measurement of growth, though postnatal - might be one intervening 

mechanism, as it is related to birth weight. Since small infants tend to be small adults and 

large adults have an increased risk ofadult metabolic disease, statistical ‘adjustment’ for adult 

size will incorrectly inflate the association between birth weight and adult disease.

The second question is: what is the effect of postnatal growth on adult disease? As we first 

started with determining the effect of birth weight on adult disease, this subsequent question 

should be refined to: What is the effect of “growing more than expected from a given birth 

weight” on adult disease? Therefore in this case it is theoretically justified to build a regression 

model with adjustment for the effect of birth weight in the statistical model, because the 

effect of birth weight is known, it lies earlier in time, and we are not longer interested in it 

for this new, second research question. However, one should not look at the coefficient of 

birth weight in this model, let alone interpret it, for it is meaningless. If one wants to interpret 

both separate research questions in one model, one should use our proposed unexplained 

residual model. 

Finally, the third question is: does the effect of postnatal growth on adult disease differ 

between subjects with a low or a high birth weight? In this case a third model should be built 

with a third variable to test statistical interaction and one should look at all three coefficients 

for a proper interpretation of the results found. In this case we especially propagate the 
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unexplained residual model in contrast to the model of Lucas et al., for the former does not 

assume an underlying quadratic relation between birth weight and adult disease anymore. 

This question should be investigated, even if with the first question no association has been 

found, for the effects found in smaller subgroups might be overruled by the main group 

analysis.

Reliability 

Another problem frequently encountered, especially in multi-center studies, is the reliability 

of measurements. In our studies about reliability we try to provide practical approaches for 

two problems: reliability indicators and log transformed variables, and the assessment of 

reliability in a small study within the context of a large clinical study. It should be stressed that 

especially the latter should not be regarded as an illegitimate statistical “solution” to improve 

the reliability by inflating it’s coefficient, like estimating an intra-class correlation coefficient 

in a much more heterogeneous population than the study population it will be used in. On 

the contrary; the point estimate of the reliability coefficient remains exactly the same, but 

the precision of the estimate improves, or, if one takes the point of view that this precision 

could also be effectuated by increasing the number of subjects in the reliability study, the 

efficiency increases. Still, the clinical question about the reliability of skinfold measurements, 

and consequently the accuracy of its use in the POPS-19 study, remains open. At this point 

the methodological and clinical studies confluence and the reliability study shows that the 

reliability of the solitary skinfold measurements was poor. The sum of the four skinfolds 

however, had a better reliability and therefore this measure was subsequently used in the 

POPS-19 study to calculate the corresponding fat percentage, to which end it was first log 

transformed. At last, the decision if in situations like this special reliability indicators for log 

transformed variables are needed, should always be based solely on the (skewed) distribution 

of the errors and not of the distribution of the variable itself. 

Population related issues

The populations in which the main effect on adult health outcomes is expected to be 

found consist largely of infants with a low birth weight or born preterm. However, analyses 

in this population are complicated at different levels, most of methodological origin. The 

major problem is formed by different definitions applied in the literature to form a cohort; 

classification by gestational age51 or by birth weight.52 This has important consequences for 

the subsequent postnatal growth characteristics in the cohorts formed. Besides, no consensus 

has been reached about the optimum reference grow chart,53 which complicates comparisons 
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both between different preterm study populations, and comparison with infants with normal 

birth weight and gestational age range. Finally, as improvements in neonatal care have only 

recently facilitated the survival of very preterm and very low birth weight infants, systematic 

literature about the consequences of early growth in adulthood is lacking in this population 

thus far. 

Together with others,54 we suggest classification of small infants by gestational age, for in this 

population this is a better predictor of survival than birth weight.55 Next, in every gestational 

age category a classification of appropriate for gestational age (AGA) or small for gestational 

age (SGA) can be made. For an optimal distinction between AGA and SGA, preferably an 

up-to-date growth chart from the same population should be available. To avoid bias of 

non-random missing data at lower gestational ages, when the timing of delivery is strongly 

related to poor growth, a combination of anthropometry of live born infants and intra-uterine 

ultrasound growth estimates of fetuses of the same gestational age not born yet has been 

proposed.53 However, fetal ultrasound has systematic and random inaccuracies, which seem 

both to be related with birth weight.56

Taken in account these limitations encountered early in the follow up of cohorts of low birth 

weight or preterm subjects, new problems are likely to accumulate in the same cohorts at 

adult follow up. First, selection bias might be introduced by a high mortality in the perinatal 

period leading to selective survival. In the POPS cohort, 27% of the infants died within the 

first year of life,55 and 28% were deceased before the age of 19 years.57 The in-hospital 

mortality was strongly associated with gestational age, and hence with the incidence and 

severity of the respiratory distress syndrome.55 It is plausible that metabolic parameters 

affecting perinatal survival also affect the metabolic profile, including body composition, at 

age 19. For example, while in small infants born very preterm hypoglycemia and hypotension 

are important life threatening conditions to overcome, at age 19 right the opposite conditions 

of insulin resistance and hypertension are considered to be a health disadvantage. At low 

gestational ages and low birth weights, infants with a protective metabolic profile will have 

a better survival, while at higher gestational ages and birth weights metabolic profile does 

not influence survival anymore and infants with all metabolic profiles will have equal changes 

to survive till age 19. However, while selective mortality might form an explanation for 

associations found, it should not be considered as a bias in this case, for survival until adult 

age is a prerequisite for developing disease at adult age, and hence might be considered to 

be ‘in the causal pathway’ of low birth weight and adult disease. 

A second issue, closely related to the first, might affect both the internal and internal validity 

of studies in the cohort. This concerns the effect of medical treatment on survival and the 

changes in neonatal care during the years. One keystone of treatment of infants born very 
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preterm is antenatal corticosteroid (betamethasone) administration, which significantly 

reduces neonatal mortality (RR 0.69, 95% CI 0.58 to 0.81).58 Antenatal corticosteroids exert 

a major effect by reducing the incidence of Infant Respiratory Distress Syndrome (IRDS), but 

the effects are likely to be pleiotropic, possibly also affecting metabolic systems 59,60. In this 

way its use in certain individuals could have changed the effects of the selective survival 

of certain metabolic profiles as described above. While the first trial with corticosteroids in 

humans took place in 1972,61 the first structured review about this subject was published 

only in 1990.62 This means that in 1983 when the POPS cohort was started, the prescription 

of antenatal corticosteroids was still dependent on the personal views of the gynecologists. 

However, it does not seem likely that this non-randomized allocation of a treatment has led 

to confounding, for it was random with regard to other risk factors that may have influenced 

the outcome studied, i.e. metabolic profile. 

Nowadays antenatal corticosteroids are standard treatment in impending preterm delivery 

and synthetic surfactant has a widespread application after its initial introduction in the early 

1980s.63 Compared with the POPS cohort of 1983, this has led to an increase in survival of 

very preterm infants, but not in a change in disease free survival, because at present, the 

sicker infants survive as well.64 For this reason the generalizability of the results found in 

studies in the POPS cohort, including those in this thesis, to the current generation of infants 

born very preterm is unclear. While for the incidence of handicaps or bronchopulmonary 

disease a distinct trend can be shown, this is harder to predict for the adult metabolic 

outcomes. While on the one hand the availability of surfactant has decreased the importance 

of pulmonary function to survive the first days of life and thereby placing more weight on the 

importance of a suitable metabolic profile of the neonate to survive, on the other hand the 

effect of antenatal corticosteroids is likely to be more pleiotropic as explained above and act 

on both pulmonary and metabolic systems. However, it is inherent to the introduction of a 

new treatment that the long-term effects, both intended and unintended cannot be studied 

until late future has turned into present. 

Finally, selection bias could have been introduced by a low response rate, which was the 

case in both the POPS-19 and the HUNT 2 studies. In POPS non-response was associated 

with male sex, non-Dutch origin, low maternal education, and severe handicaps,57 while 

in the HUNT study the main reasons for non-participation in the age group studied were 

having moved out of the county or lack of time.65 However, in neither of the two studies 

non-response was associated with birth weight or gestational age. For this reason, as an 

association with determinant i.e. birth weight and non-response is lacking, non-response 

can not have introduced bias in this situation, irrespective of the unknown outcome of the 

missing subjects. 
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Apart from all these deliberations, an interesting remaining question is whether differences 

found in the association between early growth and adult metabolic disease in the POPS 

population compared with the HUNT study might be (partly) explained by the prematurity 

of the first subjects. It would be tempting to say so, for the mean gestational age forms a 

major difference between the two populations and unfortunately a control group for the 

POPS has never been recruited in the past. But, on the other hand, gestational age is not the 

only difference between the populations, apart from the age of the adult health assessment, 

the studies are also conducted in two different countries i.e. the Netherlands and Norway. To 

distort the hypothesized effect of prematurity on the association between early growth and 

adult disease, factors that differ between the different countries should have an influence on 

both prematurity and the relation between early growth and adult disease. One of the most 

important factors that might have these specific multiple effects will be the national level of 

prosperity that among others will work through in the mean birth weight, quality of neonatal 

care, and the development and treatment of adult diseases as well. This national level of 

prosperity, for example expressed as the gross national product, is similar, so it is not likely to 

overshadow the possible effect of prematurity in this context. However, as the level of overlap 

between the two populations was too limited for proper comparison – only 28 very preterm 

subjects in the HUNT, we can not be certain. 

Main results in relation to the literature 

With regard to prenatal growth and the adult metabolic syndrome, we found that birth 

weight was inconsistently associated with the separate components of the syndrome in 

men and women. In general, these findings are in agreement with recent systematic reviews 

about the association between birth weight and these individual outcomes.32,66-70 However, 

contrary to most previous findings66,71-76 we did not find a significant association between 

low birth weight SDS and the metabolic syndrome as a composite construct. There are 

several explanations for this discrepancy. First it might partly be explained by publication bias. 

Second, inappropriate statistical adjustment for current weight or BMI was applied in several 

studies25,75 66 as we explained in chapter 6. Third, in these previous studies often only separate 

components of the metabolic syndrome were analyzed, while in the conclusions report about 

‘the metabolic syndrome’.72-74 All together, this weakens the validity of low birth weight as a 

unifying risk factor for the metabolic syndrome. 

We found that IUGR was associated with low-normal kidney function in young adults from 

the general population. This is consistent with a recent systematic review of observational 

studies (including ours) in which an Odds Ratio of 1.8 was found for the effect of low birth 

weight on low adult glomerular filtration rate. This effect size was relatively consistent for 
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other renal outcomes reviewed like end stage renal disease or albuminuria.77 Our results are 

also in agreement with findings in subjects born very prematurely from the POPS cohort.78 

A pathological basis supporting these clinical findings has been found in autopsy studies in 

which a low nephron number was observed in low-BW subjects.79-81

Regarding the effect of early growth on adult body composition we found in infants born 

very preterm that prenatal growth was positively associated with weight, height, and BMI at 

age 19; i.e. mainly with body size. These findings are consistent with studies in term born 

populations43,82 and indicate that the positive association between birth weight and adult BMI 

is already determined in the first two trimesters of pregnancy. We did not confirm the J- or 

U-shape relation between birth weight and adult BMI found in some other studies.45,83,84 This 

suggests that either these associations are established during the third trimester of pregnancy, 

or that there is another link than BMI between reduced fetal growth and adult disease. Fat-

free mass has been proposed,85 but our data do not support this. More early postnatal weight 

gain however, was associated with both a higher BMI and a higher percentage body fat at age 

19 y. Our results confirm studies in adults,83,86,87 and it may be concluded from our data that 

the positive associations found between early catch-up growth and fatness in childhood88,89 

persist into young adulthood. Our study adds that the higher BMI found was partly accounted 

for by a higher percentage body fat, at least in premature infants, and that the association 

was independent of birth weight. Finally, we also found that a greater postnatal weight gain 

was associated with a higher adult waist circumference, both when adjusted and unadjusted 

for current height (SD scores). This finding agrees with the results of Fall et al83 and Li et al.86 

In some studies, both low birth weight and early growth have been associated with a more 

truncal and abdominal fat pattern83,90,91 but only after adjustment for current BMI. Again, we 

think it is theoretically incorrect to adjust for current BMI -which includes current fat mass- in 

analyses with fat mass and fat distribution as outcomes. 

Clinical relevance and future perspectives

In contrast with the methodological studies that can be applied directly in future research, 

the clinical studies in this thesis are mainly of a descriptive nature. With regard to the effect 

of prematurity a less favorable adult body composition was found, while low birth weight 

was associated with reduced kidney function and a slightly less favorable metabolic profile 

at young adult age. Therefore, prevention of prematurity and low birth weight should be 

stressed. However, when prematurity or low birth weight is already an accomplished fact, 

the focus should be on systematic screening of these infants and adults for the sake of 

prevention, life style advices, and early treatment of metabolic diseases. With regard to 

recommendations about early catch-up growth even more caution is warranted, for at first 
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place it is not proven that preventing this catch-up growth in low birth weight or (very) preterm 

infants also prevents adult metabolic disease and, more important, early catch-up growth is 

considered to be important for neurodevelopmental outcome.92-94 In general, growth should 

be considered as a proxy measurement for early life influences, not as the causal agent itself. 

In this context, the associations we found, though of small size, signify that lifelong effects of 

early life influences seem to exist in these specific populations as well, and that more research 

on underlying mechanisms is required. 

As mentioned before, the outcomes of the POPS-19 study might not be fully generalizable 

to the current generation of preterm infants. Therefore, ideally a new research cohort should 

be formed for a prospective study, with special attention for an appropriate term control 

group, prenatal ultrasound measurements, and drawing cord blood. However, follow-up in 

the POPS (and HUNT) should be continued as well, for age 19 is still young to develop a 

full blown metabolic syndrome, let alone cardiovascular events, and this should be studied 

at older age. At subsequent follow-up, new focuses could be the acquiring of DNA of sibs 

and parents for the role of genetics and epigentetics in prematurity, growth, and disease, 

and the reproduction and offspring of the POPS infants. An imaging technique like a DEXA 

body scan should also be desirable as part of this follow-up, to study more precisely the adult 

body composition of subjects born preterm, and in second place for the external validation 

of skinfold measurements in this population. A related issue that could be studied in this 

context is the supposed altered body composition of SGA and preterm subjects which seems 

to continue in adulthood that will exert an effect on the estimation of GFR by using formulas 

dependent on creatinin and body weight. Finally, when in the same subjects body composition, 

renal function, and possible intermediate hormones like adiponectin are assessed, this might 

unravel more of the association between metabolic diseases and kidney disease. 
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