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SAMMENDRAG

A bli fodt «small for gestational age» (SGA) eller «liten for gestasjonsalderen til termin,
oker risikoen for helseutfordringer gjennom livet. Videre har fysisk form vist seg & vaere naert
knyttet til helse og viktig i forebygging av sykdom og ded. God fysisk form kan derfor tenkes
a vaere sarlig viktig for de som er fodt SGA til termin. Forskning har funnet en sammenheng
mellom fodselsvekt og fysisk form i voksen alder, men det er lite forskning pa fysisk form
blant voksne fodt SGA til termin. Malet med denne masteroppgaven var derfor & undersoke
om det var en forskjell mellom voksne fodt SGA til termin og voksne fodt med normal

fadselsvekt til termin.

Denne prospektive kohortstudien inkluderte 107 voksne fodt til termin i 1986-1988; 46 ble
fodt SGA (22 kvinner, 24 menn) og 61 ble fodt med normal fedselsvekt (35 kvinner, 26
menn). Muskuler form ble undersgkt med en gripestyrketest og 40-sekunders modifisert
push-up test, mens kardiorespiratorisk form ble undersekt med Astrand-Ryming step test. To-
utvalgs t-test ble brukt for & underseke forskjell i fysisk form mellom gruppene. Resultatene
ble stratifisert for kjonn, og eventuelle forskjeller ble justert for heyde, midje-hofte-ratio og

sosiogkonomisk status i en generell lineer modell.

Samlet sett var det ingen forskjell 1 hverken muskuleer eller kardiorespiratorisk form mellom
voksne fodt SGA til termin og voksne fodt med normal fodselsvekt til termin. Menn i SGA-
gruppen hadde imidlertid lavere gripestyrke i begge hender sammenlignet med mennene i

kontrollgruppen.

Det at det var {4 forskjeller i fysisk form mellom gruppene, er lovende resultater. Dette
antyder at voksne fodt SGA ikke er i dérligere fysisk form enn den generelle befolkningen.
Det at mennene i SGA-gruppen hadde lavere gripestyrke sammenlignet med mennene i
kontrollgruppen, kan imidlertid indikere okt risiko for helseproblemer. Okt fysisk aktivitet

med fokus pa aktiviteter som gker muskuler form kan derfor vaere gunstig for denne gruppen.

Nokkelord: Small for gestational age, fysisk form, gripestyrke, modifisert push-up test,
Astrand-Ryhming step test



ABSTRACT

Being born small for gestational age (SGA) at term increases the risk of adverse health
outcomes though life. Furthermore, physical fitness is closely linked to health and is
important in the prevention of morbidity and mortality. Adequate physical fitness may
therefore be particularly important for those born SGA at term. Moreover, reduced birth
weight has been reported to be associated with reduced physical fitness in adulthood, but this
is little investigated in adults born SGA at term. The aim of this master thesis was therefore to
investigate whether physical fitness differ between term-born adults born SGA and term-born

adults with normal birth weight.

This prospective cohort study included 107 adults born at term between 1986-1988; 46 were
born SGA (22 women, 24 men) and 61 were born with normal birth weight (35 women, 26
men). Physical fitness was assessed by grip strength, 40-second modified push-up test and
Astrand-Ryhming step test. Differences in muscular and cardiorespiratory fitness between the
groups were analysed using independent samples t-test. Differences in physical fitness were

adjusted for height, waist-to-hip ratio and socioeconomic status in a general linear model.

The study showed that there overall was no difference in physical fitness between adults born
SGA at term and adults born with normal birth weight at term. When stratified by sex, men in
the SGA group had significantly lower grip strength in both hands compared with men in the

control group.

The fact that there were few differences in physical fitness among the two groups is
encouraging results. This may indicate that adults born SGA may have similar physical fitness
compared with the population. However, the lower grip strength found in SGA men may
indicate increased risk of negative health outcomes. Promotion of physical activities that

enhances the muscular fitness may therefore be beneficial to prevent adverse health outcomes.

Keywords: Small for gestational age, physical fitness, grip strength, modified push-up test,
Astrand-Ryhming step test



ABBREVIATIONS

SGA: small for gestational age
GA: gestational age

VO2max: maximal oxygen uptake
WHO: World Health Organization
CI: confidence interval

SD: standard deviation
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PART I



1 INTRODUCTION

1.1 Background

Research addressing low birth weight has primarily concerned individuals born preterm.
However, a much larger group is born small for gestational age (SGA) at term, defined as a
birth weight below the 10™ centile (1). In Norway, approximately 5300 infants are born SGA
per year (2), many of these born at term (i.e., gestational age >37 weeks). Being born SGA at
term increases the risk of adverse health outcomes through life, including increased risk of

and non-communicable diseases and reduced mental health in adulthood (3-6).

Physical fitness, particularly muscular and cardiorespiratory fitness, is closely linked with
health and is important in the prevention of morbidity and mortality (7-9). Adequate physical
fitness may therefore be especially important for those born SGA at term. Moreover, reduced
birth weight, regardless of gestational age, has been reported to be associated with reduced
physical fitness in adulthood (9-11). However, this is little investigated in adults born SGA at
term. It is therefore important to gain increased knowledge on this topic, which potentially

could have a big impact on public health.

This master’s thesis is part of the larger NTNU Low Birth Weight in a Lifetime Perspective
(NTNU LBW Life) study, which is a Norwegian prospective cohort study led by Kari Anne I.
Evensen. NTNU LBW Life aims to create a better understanding of how low birth weight
affects physical and mental health, quality of life, cognitive and motor function, vision and
brain structures throughout life. The participants in this study were initially included in 1986-
88, and examinations have been carried out through this project from childhood to
adolescence and into adult age. This master’s thesis presents data from the latest examination

of the participants at 32-34 years of age.

1.2 Aim of the master’s thesis

The main objective of this master thesis was to investigate whether being born SGA at term
affects physical fitness in adulthood.

The research question to be answered in this master’s thesis is:

Do muscular and cardiorespiratory fitness differ between adults born SGA (birth weight <10™

centile) at term and adults born with normal birth weight (birth weight 210" centile) at term?



Furthermore, we wanted to investigate whether potential confounding factors affected any

differences between the two groups.

The hypothesis was that adults born SGA would have reduced physical fitness compared with

term-born controls born with normal birth weight.

1.3 Clarification of concepts and delimitation of the thesis

1.3.1 Terms to describe SGA individuals

There are many reasons why individuals are born SGA. Some infants are simply genetically
small. Others may be growth restricted in utero as a result of conditions in the foetus,
placenta, mother or external influences, such as smoking or drug use during pregnancy (12-
14). The diagnosis of intrauterine growth restriction requires several ultrasound examinations
throughout the pregnancy, which is not always feasible (15). Several other terms are therefore
used to capture these individuals. For instance, low birth weight is referred to as birth weight
<2500 g, regardless of gestational age (1). Another term is low ponderal index for gestational
age. This term refers to those born with a low ponderal index, often lower than the 10%
centile, for their gestational age, measured as the infant’s weight for its hight (birth
weight/birth length®) (16). However, the most commonly used term to capture individuals
born growth restricted is small for gestational age, and birth weight below the 10" centile is
the most established definition of SGA (1, 17). This definition was therefore used in this
study. It is important to be aware that being born small for gestational age is not necessarily
the same as being growth restricted, and that individuals with birth weight above the 10"

centile also can be growth restricted (13, 15).

1.3.2  Physical fitness

Physical fitness is defined as a set of attributes that people have or achieve that relates to the
ability to perform physical activity (18). Health-related physical fitness refers to the
components that are important for our health, including cardiorespiratory endurance, muscular

strength and endurance, body composition and flexibility (18), as seen in Figure 1.



Health-related physical fitness

Muscular fitness:
Muscular strength
Muscular endurance

Cardiorespiratory

Body composition
fitness y P

Figure 1. Health related physical fitness, adapted from American College of Sports Medicine
(19).

Muscular and cardiorespiratory fitness have been reported to be particularly important when it
comes to reducing the risk of developing lifestyle-related diseases and improving the overall

health (19), and are therefore the two components addressed in this master’s thesis.

Muscular fitness consists of two components: muscular strength and muscular endurance.
Muscular strength is “the ability of a muscle group to develop maximal contractile force
against a resistance in a single contraction”, while muscular endurance is “the ability of a
muscle group to execute repeated contractions over a period of time sufficient to cause
muscular fatigue or to maintain a specific percentage of the maximum voluntary contraction
for a prolonged period of time” (19). Cardiorespiratory fitness refers to “the ability of the

circulatory and respiratory systems to supply oxygen during sustained physical activity” (19).

As outcome measures of muscular fitness, I have chosen maximal grip strength and number
of push-ups performed in a 40-second modified push-up test. As outcome measure of
cardiorespiratory fitness, heart rate after a 4-minute submaximal step test, after 2 minutes of
rest and the difference between these measurement points were used. Grip strength was
considered the primary outcome, as this is an established predictor of physical function,
morbidity and mortality (8), and therefore a highly relevant measurement tool of health-

related physical fitness.



1.3.3 ICF as a framework

The International Classification of Functioning, Disability and Health (ICF) is developed by
the World health organization (20). ICF uses a biopsychosocial approach and is widely used
in physiotherapy. The overall aim is to provide a unified and standard language and

framework for the description of health and health-related states.

ICF organises the health information in two main domains: body functions and structures, and
activities and participation. Body functions are the physiological functions of the body
systems, including psychological functions, while body structures comprise the anatomical
parts of the body. The activity domain involves the execution of a task or action, and the

participation domain entails involvement in a life situation (20).

The model also comprises contextual factors, which includes environmental and personal
factors. Environmental factors are the physical, social and attitudinal environment where
people live and conduct their lives. Personal factors are described as the particular
background of an individual’s life and living, and comprises factors as gender, race, age, life
experiences and individual characteristics, amongst others (20). The different components of

the classification interact and affect each other, as illustrated in Figure 2.

Health condition
(disorder or disease)

T
: ' '

Body functionsand o Activitiess <————» Participation

structure
t I t
Environmental Personal
factors factors

Figure 2. Interactions between the components of ICF
Within this framework, SGA can be considered as the health condition, while physical fitness

can be placed in the domain body functions and structures. ICF provides a broader

understanding of the topics in this master’s thesis.
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1.4 Description of the structure of the thesis

This master’s thesis is written as a scientific article with a supplement (“kappe”) that
elaborates on the individual parts of the article. The supplement is part I of the thesis, while
the article constitutes part II.

Part I:

The supplement contains a theory chapter, a supplementary description of the methods used
and rationale for the choice of outcome measures, a summary of the results, discussion with
focus on methodological aspects, and lastly, a discussion of clinical relevance and further

research.

Part II:
The article is written for submission to, and according to the guidelines of, the journal Early

Human Development (https://www.elsevier.com/journals/early-human-development/0378-

3782/guide-for-authors). The article contains complete results with accompanying figures,

tables and discussion of the results.

11



2 THEORY

This chapter provides a more detailed presentation the topics in the master’s thesis.

2.1 Individuals born SGA

Being born SGA entails an increased risk of several adverse consequences throughout life.
Within the body functions and structure domain, individuals born SGA have an increased risk
of diseases such as metabolic syndrome (21) and diabetes type 2 (22). Increased risk of
cardiovascular disease has also been found in some studies (23-25), but not in others (26, 27).
It is thought that this elevated risk is due to reduced growth in utero that leads to permanent
adaptions in structure, metabolism and endocrine functions in the foetus, formulated in the

“developmental origins” hypothesis by Barker (4).

Individuals born SGA are reported to have an increased risk of shorter adult height compared
with the general population (3, 28, 29). However, a recent systematic review found that >85%
of children born SGA at term is likely to achieve catch-up growth, defined as a height
velocity above what is common for the age (30). This often happens within the first 2 years of
life. Studies also report that adults born SGA have an increased risk of obesity (31) and an
altered body composition with a higher percentage of body fat compared with fat-free mass

(32, 33). Rapid catch-up growth has been shown to increase this risk (34, 35).

Additionally, within the body functions and structure domain, term-born SGA individuals
have a higher occurrence of psychiatric disorders (5), and are reported to have poorer
cognitive function (36, 37) and reduced intelligence quotient (IQ) scores throughout
development (38-40). However, these results are more subtle compared to individuals born

preterm (39).

In the activity and participation domain, some studies have found motor problems to be more
prevalent in children and adolescents born SGA at term (41, 42), while others have not found
this increased prevalence (43, 44). The physical activity level of term-born SGA individuals
has not been examined. However, the self-reported physical activity level is reported to be
lower in individuals born preterm with low birth weight, than individuals born to term with
normal birth weight (45, 46). Within this domain, term-born SGA individuals are also seen to
have poorer school performance and lower educational attainment (6, 47-49), in addition to a

lower socioeconomic functioning level (50). Furthermore, Lund et al. (6) found that adults

12



born SGA reported of reduced mental health and well-being when they were 20 years old, and
that they had fewer friends than controls. On the other hand, a British study found that term-
born SGA individuals were as likely to be employed, married and satisfied with life in early
adulthood as normal birth weight adults, regardless of lower academic achievement and

professional attainment (49).

2.2 Physical fitness

2.2.1 Determinants and correlates of physical fitness

There are many factors that influence or are associated with physical fitness. Within the body
functions and structure domain, meta-analyses have reported heritability estimates for
cardiorespiratory fitness to range from 22-57% and handgrip strength to be approximately
50% (51, 52). Muscular and cardiorespiratory fitness is also determined by several
physiological factors. Of particular relevance is the fibre type distribution in the muscles,
comprising type I, Ila and IIx fibres (53). Type II fibres as stronger than type I fibres and have
a higher shortening speed. Type Ila are considered the hybrid of type I and IIx (53). Type I
fibres contain more mitochondria and myoglobin molecules and have higher capillary density,

which makes them more enduring than type II fibres (53-55).

Additionally, increased waist circumference and waist-to-hip ratio and reduced fat-free mass
in relation to fat mass is negatively associated with both muscular and cardiorespiratory
fitness (56-59). Body mass index (BMI) shows more conflicting associations with physical
fitness, most likely due to the fact that BMI does not differentiate between fat mass and fat-

free mass (58, 60). Lastly, height is reported to be correlated with grip strength (57, 61).

In the activity and participation domain, it is well established that that muscular and
cardiorespiratory fitness are largely determined by physical activity (62, 63). The type and
intensity of the physical activity is however decisive for what effect it has. According to the
overload-principle of training, the intensity needs to challenge the body sufficiently to result
in increased muscular and cardiorespiratory fitness (63). Research show that physical fitness
and a physically active lifestyle develops in childhood and adolescence and that it often stays
stable into adulthood (64-66). Within this domain, research have also found motor skills to be
related to physical fitness in adulthood (67, 68), and that the feeling of mastering physical

activities is important for the motivation of being physically active (69).

13



Personal factors, such as age and sex, also affect physical fitness. Most studies show a decline
in muscular fitness approximately from midlife (57, 70-72). Cardiorespiratory fitness
measured by VOoxmax is observed to be highest in the age group of 20-29 years. From the age
of 40 there is a significant decline in cardiorespiratory fitness per decade, with decreases in
VO2max of an average of 10% over the next decades (73, 74). Clear gender differences are
found in both muscular and cardiorespiratory fitness, where males generally score better in
both fitness areas (57, 73). Furthermore, decreased socioeconomic status, especially when
considering the educational level, has been found to be associated with reduced physical

fitness, which seems to stem from unfavourable health behaviours (70, 75, 76).

2.2.2 Consequences of reduced physical fitness

Reduced muscular and cardiorespiratory fitness can have a major impact on health. In the
body functions and structure domain, both increased muscular and cardiorespiratory fitness is
associated with decreased risk of multiple diseases, such as metabolic syndrome,
cardiovascular disease, diabetes type 2, as well as all-cause death (7, 77-81). Muscular and
cardiorespiratory fitness have also shown positive associations with mental health and health-
related quality of life (82, 83). Reduced muscular fitness is also associated with increased risk

of frailty and sarcopenia at older ages (84).

Within the activity and participation domain, reduced physical fitness is associated with
functional limitations, especially at an older age (85-87), but this association is also reported
from mid-adulthood (88). Furthermore, physical fitness has also been shown to affect the
academic achievements in childhood and adolescence (89, 90), and to increase the capacity to
cope with stress at work, increase work performance and decrease absenteeism rates in
adulthood (91-94). Physical fitness is, consequently, important not only for the physical and

mental health, but also for mastering one’s everyday life.

2.2.3 Assessment of physical fitness

Assessment of physical fitness is strongly connected to the definitions of the various
components of physical fitness (19). The two muscular fitness components, strength and
endurance, exists at opposite sides of a continuum (19), as shown in Figure 2. The
contribution of both strength and endurance become more equal when the requirements of the
task move closer to the centre (19). When measuring muscular strength, the goal is to achieve

the maximal force capability, whereas when assessing the muscular endurance, the goal is to

14



investigate the ability to perform contractions at a submaximal level for prolonged times. The

two components must therefore be tested in different ways.

Intensity Duration
Strength Endurance

Figure 2 Muscular fitness continuum. Adapted from ACSM (19)

The most commonly performed static strength measurement is hand grip strength using a
handgrip dynamometer, as chosen in this study. It is easy to perform for most people and only
requires a hand dynamometer. Muscular endurance can either be assessed by performing a
maximal number of contractions in a defined time period, by performing a maximal number
of contractions of a set resistance, or by holding a static contraction for a period of time (19).
Push-ups tests are commonly used to assess muscular endurance, and has also been applied in

this study.

Cardiorespiratory fitness is measured by performing dynamic exercises including large
muscle-groups at moderate- to high-intensities for prolonged periods (19). The gold standard
measure of cardiorespiratory fitness is a maximal exercise test where expired gases are
measured, commonly known as a VO2max test, often performed on a treadmill or cycle
ergometer in a laboratory (19). This requires special equipment and skilled personnel, which
is not always feasible (95). Tests where the effort level is limited to submaximal exertion, can
therefore often be more applicable. During a submaximal test, the participant performs a fixed
amount of work per unit of time (19). These tests are often performed on treadmills, cycles, in

the field or on bench-steps. The latter is chosen in this study.

To increase the stability of the test scores and minimise the possibility of errors, it is
important that the measurement instruments are valid and reliable. Validity refers to the
measurement instrument’s ability to measure what it intends to measure, while reliability

concerns the consistency and lack of error of the measurement (96).
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More specific information about the three physical fitness tests conducted in this study will

follow in the methods chapter.

2.3 Physical fitness in adults born SGA

Physical fitness in populations of term-born SGA adults has been little investigated, and only
a few studies that have included adults born SGA. Evensen et al. (27), Brens et al. (97) and
Jensen et al. (98) investigated the difference in VO2max between young adults (i.e., 18-24
years of age) born SGA at term and adults born with normal birth weight at term. No
difference between the groups were found in these studies. Two recent Swedish registry
studies found strong associations between birth weight in 18-year-old men born at term and
muscular and cardiorespiratory fitness (10, 99). A one standard deviation increase in birth
weight was associated with increases of approximately 1.8 kilogram-force in grip strength
(10) and 7.9 Wmax, which is the maximal load (measured in watt) that the participants could

manage on a cycle ergometer (99).

In the absence of further research, studies comprising similar populations may provide an
indication and hypothesis of SGA adults’ physical fitness, although these results cannot be
transferred directly to adults born SGA.

A small study comprising young adults born at term with a ponderal index below the 10®
centile, which is also a proxy for intrauterine growth restriction, found no difference in
VOzmax compared with adults born with a ponderal index above the 10" centile (16, 100). The
mean birth weight did not differ between the groups in this study. However, results showed
that women born with low ponderal index had significantly lower grip strength and maximal
voluntary strength in their quadriceps femoris compared to the women in the control group

(16).

A systematic review and meta-analysis of 13 studies reported of consistent evidence of a
positive association between birth weight and muscle strength, mostly measured by grip
strength (11). The mean age of the participants was between 9.3 and 67.5. The meta-analysis
found a 0.86 kg increase in muscular strength for every kilogram increase in birth weight,
after adjustment for age, gender and height. However, this study did not take into
consideration the participants’ gestational age at birth, which makes it problematic to

distinguish if the result is due to factors related to premature birth or low birth weight.

16



One of the studies included in this meta-analysis, was a study by Ridgway et al. (68) that
comprised 31-years-old adults born at or above 36 weeks of gestation. The participants were
about the same age as the participants included in this thesis, and are born close to term,
which makes it relevant to highlight. This study found a 3 kg increase in grip strength per 1
kg increase in birth weight. The same study also found that higher birth weight predicted
higher levels of cardiorespiratory fitness at age 31, measured by estimation of

cardiorespiratory fitness from the heart rate after a standardized step test (68).

Te Velde et al. (101) on the other hand, found no significant associations between birth
weight and muscular fitness in 36-year-old adults born after 36 weeks of gestation. Muscular
fitness was measured with static arm-pull and high jump. They hypothesized that the lack of
association was due to the fact that most of the participants were in the normal birth weight
range, and that associations may be limited to the more extreme groups of lower birth

weights.

Thus, associations between birth weight and physical fitness in adulthood show somewhat
inconsistent results. However, as there are multiple studies that have found this association,
there is reason to believe that factors operating in utero could influence physical fitness
throughout the life course. Possible explanations are not fully understood, but physiological
alterations and a prioritisation of vital structures at the expense of factors important for
muscular and cardiorespiratory fitness might be needed to survive in suboptimal intrauterine
environment (4, 102, 103). Studies show that foetal growth restriction might lead to a reduced
number of muscle fibres and a different distribution of muscle fibre composition, which may
be a disadvantage in terms of muscular fitness in later life (54, 98, 103). In animal research,
multiple studies have found that reduced nutrition during pregnancy can lead to increases in
type I muscle fibres at the expense of type II fibres (104-106). A human study by Jensen et al.
(98) found no differences in type I fibres between adults born SGA and adults born with
normal birth weight, but a shift from type Ila to type IIx fibres in the SGA group.

Being born SGA at term has also been associated with reduced fat free mass in adults, which
primarily refers to lower percentage of muscle mass (32-34), which could affect the physical
fitness in adulthood. Additionally, SGA individuals have in some studies been reported to

have an increased risk of motor problems (41, 42), and research have found motor skills to be
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related to physical fitness (67, 68). Increased motor problems may lead to reduced
participation in sports and other physical activities and a more inactive lifestyle, and therefore

also reduced physical fitness (67).
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3 METHODS
In this chapter, the methods used will be summarised and the rationale for the methodological
choices presented. The conduction of the physical fitness assessments, as well as the

anthropometric measurements, is described in the article draft (Part II of this thesis).

3.1 Study design

This master’s thesis is a prospective cohort study investigating consequences of being born
SGA at term. The project has a quantitative design. Prospective cohort studies observe the
participants after exposure to a certain factor and follows the participants forward in time in
order to investigate the outcome (107); in this case physical fitness in adulthood following

being born SGA.

In order to be able to trust the results and generalise the results to a more universal population,
the methods and criteria used to include the participants and the methods used to evaluate the
outcome measures are important (108). Observational studies are evaluated in terms of both
internal and external validity. Internal validity refers to the ability to draw a correct
conclusion of causal conditions in a study, i.e., if the observed differences can be attributed to
the exposure (108). External validity is the ability to generalize the results to a target
population (109). In cohort studies, common potential sources of error that can affect the

validity are selections bias, information bias or influence of confounding factors (110).

3.2 Participants

The participants in this study were initially included in 1986-1988 to a multicentre study
investigating the aetiology and consequences of intrauterine growth restriction (12, 111). The
participants have been followed from birth into adulthood through the NTNU Low Birth
Weight Life study. The control group was selected using a sealed envelope method of
pregnant women living in the Trondheim area, while the SGA participants were selected from
the remaining women who were at risk of giving birth to an SGA baby. At birth, the baby was
defined as SGA if they had a birth weight below the 10" centile at each specific gestational
week, and the reference standards were sex-specific based on data from the Norwegian
Medical Birth Registry (112). The control group had a birth weight >10" centile. All
participants were born at term (GA >37 weeks). Gestational age was decided from the first

day of the mother’s last menstruation or with ultrasound (12, 111).
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Initially, 104 participants born SGA and 120 control participants were included. In the current
study, 79 SGA adults and 23 control adults were invited. Ultimately, 46 adults born SGA and
61 adults from the control group were examined. A flowchart is presented in the article draft

(Part II of this thesis).

3.3 Data collection

The data in this master’s thesis are derived from the larger study NTNU Low Birth Weight
Life. The project group of NTNU Low Birth Weight Life, led by Kari Anne I. Evensen,
started the data collection in September 2019 and was supposed to complete the data
collection in June 2020. Because of the COVID-19 pandemic, however, this was completed in
October 2020. Testing was conducted at NTNU/St. Olavs Hospital. The participants took part
in a larger ongoing data collection and underwent a selection of tests and examination
throughout the testing day. The examinations were carried out in the same order for all the
participants and entailed very low risk for injury or adverse events. The participants were

offered a compensation of NOK 500 in addition to travel expenses.

The study is approved by the Reginal Ethical Committee (REC number 23879). Written
informed consent is obtained from all participants. The data is anonymised and stored

securely on a remote server at NTNU with a two-step identifier. All analyses were conducted

in SPSS in Services for Sensitive Data (TSD).

3.3.1 QOutcome measures

The primary outcome measure in this study was grip strength measured by a Jamar
dynamometer. The secondary outcome measures were number of push-ups completed in the
40-second modified push-up test and heart rate after Astrand-Ryhming step test, after 2
minutes of rest and the difference between these heart rate measurements. All participants
were examined by three experienced and specially trained examiners who were blinded to

birth weight group.

Grip strength

The grip strength assessment measures the maximal isometric strength of hand and forearm
muscles. The maximal grip strength (kg) of three attempts was measured in both dominant
and non-dominant hand. Grip strength has through several studies shown to be a powerful

predictor of both all-cause mortality (8, 113-115) and cause-specific mortality, including
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mortality from cardiorespiratory disease, respiratory disease and some cancer-types (114-
116). Midlife grip strength has also been shown to predict functional limitations at older ages
(87). Additionally, grip strength has been reported to be associated with common mental
disorders (9) and health-related quality of life (117). Thus, grip strength is a powerful marker
of health. There is also some evidence for, though inconsistent, that grip strength can indicate

an individual’s overall strength (118-120).

The Jamar dynamometer is extensively used in research and is considered by some to be the
gold standard measurement instrument (121). A recent systematic review and meta-analysis
concluded that grip strength is a reliable and valid procedure among both healthy participants
and across clinical populations (122). The Jamar dynamometer has shown high test-retest
reliability when using position 2-5 (123), excellent concurrent validity and excellent inter-
instrument reliability when compared with Dexter, Royland and Baseline-dynamometers

(121, 124).

As normative values for grip strength to some extent varies in different countries, normative
values from a Norwegian population should be used to compare results (125). Kjar et al. (57)
found maximal grip strength in the 30-39-year-old age group to be 33.8 kg for women and
58.8 kg for men. Andersen et al. (70) reported of a maximal grip strength in the 30-39-year-
old age group of 34 kg for women 59 kg for men. Leong et al. (114) studied the prognostic
value of grip strength for mortality in adults aged 35-70 from 17 countries of different
economic status and found an increased hazard ratio of 1.16 for all-cause mortality and 1.17
for cardiovascular mortality for every 5 kg reduction in grip strength. Kim et al. (115)
reported a hazard ratio of 1.08 for all-cause mortality for every 5 kg reduction and found

similar associations with cardiovascular mortality as well in a 40—69-year-old population.

40-second modified push-up test

The push-up test measures the muscular strength and endurance capacity of the upper body
(126). The test is modified to improve standardisation, as small variations of the position or
execution of the push-up can lead to different biomechanical requirements (127). Sufficient
upper body muscle strength is necessary for functional independence as the upper body
controls the ability to perform everyday activities such as reaching, pulling, pushing and

lifting (128).
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The 40-second modified push-up test is one of the tests included in the ALPHA-FIT test
battery, which is funded by the European Commission and developed for assessing levels of
physical activity and fitness in adults aged 18-69 (128). Content and predictive validity of the
ALPHA-FIT test was evaluated by studying the associations between health-related fitness
and self-rated health in adults of 35-80 years of age (129). They found that lower fitness in
modified push-ups was associated with more back pain and poorer perceived back function.
They also found that mid- and high fitness in modified push-ups was associated with good
perceived health in comparison with the low-fitness category (129). Thus, the modified push-
up test has been reported to be a valid test of health-related physical fitness. The 40-second
modified push-up test has also shown acceptable inter-rater reliability (ICC 0.88, SEM 2.6)
and small test-retest variation, although some learning effect was reported, with a mean of 3

more push-ups on the second measurement day (126, 130).

Normative values of the 40-second modified push-up test has been developed in Norwegian
populations (57, 70). Anderssen et al. (70) found that men in the age group 30-39 years
completed a mean of 14 push-ups in 40 seconds. Women in this study conducted modified
push-ups on their knees, which makes it unsuitable for comparison with this study. In the
study by Kjer et al. (57), the average number of push-up were 9.5 (SD+/- 4.4) repetitions for
women and 14.3 (SD +/-5.0) repetitions for men in the 30-39-year-old age group.

Astrand-Ryhming step-test

The Astrand-Ryhming step test is a four-minute submaximal step-test, which measurers
cardiorespiratory fitness (131). Astrand and Ryhming (131) evaluated the validity of their step
test and nomogram and concluded that the step test is an appropriate method of predicting
VOomax. They reported a standard error of measurement of 0.28 L min ! (6.8%) when
comparing directly measured maximal oxygen uptake from a maximal treadmill test with the
estimation of the VOamax from the step test. This study included a small group of healthy men
and women of 18-30 years-of-age, which may not provide an accurate representation in the
general adult population (131). A systematic review investigating the validity of multiple
step-test protocols also concluded that submaximal step tests can be a valid method of
assessing cardiorespiratory fitness, but that the participant’s ability to maintain a steady
stepping tempo and technique is essential to getting an accurate measure (132). Reliability of

the step test has not been assessed.
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Heart rate increases with work intensity from a baseline at rest and up to the maximal heart
rate at very high work intensities (133). Submaximal testing is based on the supposition that
there is a linearity between heart rate and oxygen consumption as exercise intensities
increases (134, 135). Heart rate can therefore, to some extent, reflect the aerobic capacity of
the individual when measured at given external work intensities, where a lower heart rate at
the specific external work intensity indicates better aerobic capacity (134, 135). Additionally,
the rate at which the heart rate slows down after exercise has been shown to indicate the
aerobic fitness level (136), as well as being a predictor of mortality (137). In individuals with
lower levels of cardiorespiratory fitness, heart rate recovery has been found to be slower

compared to more well-trained individuals (136).

Normative values using heart rate after 4-minute step test has not, to our knowledge, been

developed in Norway.

3.4 Choice of potential confounding factors

Confounding factors are variables that are associated with both the dependent and
independent variable that could lead to over- or underestimation of the result, or change the
result (107). The potential confounding factors, height, waist-to-hip ratio and socioeconomic
status were therefore chosen because they have been reported to be associated with both being

born SGA (29, 31, 50) and physical fitness (56, 61, 76).

3.5 Statistical analysis

The analyses were conducted in SPSS, version 27 (IBM Statistics). Demographic data are
described using descriptive statistics. Categorical variables are described by number and
percentage, and continuous variables are described with central tendency and variation.
Averages and standard deviations were used to describe normally distributed data, and
median and interquartile range for data that were not normally distributed (138). Differences
between groups concerning descriptive data were analysed using independent samples t-test
for continuous variables with a normal distribution, and Mann Whitney U-test for continuous
variables with a non-normal distribution. Normal distribution was checked by observing
histograms, Q-Q-plot and boxplot. Differences in categorical variables in the two groups were
described using Chi square test. A p-value of less than 0.05 was considered statistically

significant.
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Based on the research question, the difference in physical fitness between the two groups was
compared using independent samples t-test, as the dependent variables were normally

distributed.

If a significant group difference in physical fitness was found, the result was adjusted for
possible confounding factors. A univariate general linear model (GLM) was used with the
outcome measure as dependent variable. Group was entered as a fixed factor, and the
covariates height, waist-to-hip ratio and socioeconomic status were entered one at a time. We
evaluated the effect of the covariates on the group difference in the dependent variable. The
assumption of normal distribution was checked by visual inspection of Q-Q-plots of the

standardised residuals.
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4 SUMMARY OF RESULTS
This chapter contains a summary of the main findings in the study. For more detailed results,

see the result chapter in the article draft in Part II of this thesis.

Mean birth weight in the SGA group was 2918 (SD 216) g and 3686 (SD 467) g in the control
group (p<0.001). There were 22 (47.8%) women in the SGA group compared with 35
(57.4%) in the control group (p=0.433). At follow-up, the SGA group had significantly lower
height than the participants in the control group (p=0.045). Men born SGA also had
significantly higher waist-to-hip ratio than the men in the control group (p=0.034), while
women in the SGA group were slightly younger than women in the control group (p=0.016).

Weight, BMI and socioeconomic status, did not differ between the two groups.

Mean grip strength in the dominant hand was 37.0 (SD 8.2) kg in the SGA group and 38.7
(SD 10.2) kg in the control group (p=348). Men in the SGA group had a mean grip strength of
42.5 (SD 6.4) kg in the dominant hand and 39.7 (SD 7.0) kg in the non-dominant hand, while
the men in the control group had a mean grip strength of 47.4 (SD 8.1) kg in the dominant
hand and 44.5 (SD 8.4) kg in the non-dominant hand. This was a mean difference of 4.8 kg in
both dominant (95% CI, -9.0, -6.0, p=0.025) and non-dominant (95% CI, -9.2, -0.4, p=0.035)
hand, which was statistically significant difference. However, when adjusting for the men’s
height, the difference decreased to 2.8 kg in both dominant (95% CI, -7.3, 1.7, p=0.214) and
non-dominant (95% CI, -7.6, 2.0, p=0.248) hand, and were no longer significant. Adjusting

for waist-to-hip ratio or socioeconomic status did not affect the difference in grip strength.

There were no significant group differences in the 40-second modified push-up test or

Astrand-Ryhming step test in the total material or stratified by sex.

Sensitivity analysis

The results were essentially the same when excluding pregnant participants, outliers or
participants that were not able to do any push-ups or were not able to finish the push-up test
or step test. The results were mostly the same when excluding participants that had any pain,
musculoskeletal diagnosis or recent injuries that could affect the physical fitness tests. There
was a small increase in number of push-ups in favour of the SGA-group, that lead to a mean
difference of 1.8 push-ups (95% CI: 0.05, 3.5, p=0.044), but the difference was not significant

when stratified by sex (data not shown).
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S DISCUSSION

The discussion in the article draft (part II of this thesis) addresses some of the methodological
considerations in this study concerning selection and information bias and discussion of the
main results. The following chapter contains an extended discussion of the methods used in
this study, where strengths and limitations will be further addressed. Additionally, clinical

importance and implications will be discussed.

5.1 Discussion of method

5.1.1 Design

The aim of this master’s thesis was to investigate whether being born SGA at term affects
physical fitness in adulthood. The design of this project is a prospective cohort study.
Prospective cohort studies are reported to have the ability to find evidence for associations
between exposure and outcome (107, 108). A definite causality cannot be established through
a cohort study, as there is always a possibility that the result may be explained by other
variables that differ between the groups. However, these studies may contribute to provide
evidence in the search for a causal connection (107, 139). The exposure in this study is being
born SGA, while the outcome is physical fitness in adulthood. Thus, a difference found
between the groups in physical fitness, could therefore support the hypothesis of a causal

relationship between being born SGA and physical fitness in adulthood.

5.1.2 Participants

Cohort studies are designed to be representative for particular populations (109); in this study,
adults born SGA to term in Norway. As there are many factors that can lead to an SGA birth
(12-14), the SGA populations is a very heterogeneous population. Having many exclusion
criteria may therefore limit the representativeness as the exclusion criteria will restrict who is
eligible and the study population will be a more specific group (107). In this study, there were
few exclusion criteria, which therefore could be argued to contribute to make the study

population representative for similar populations.

The characteristics of the control group is also important for the external validity of the study.
Inclusion criteria was birth weight at or above the 10" centile, and they were selected using a
sealed envelope method, ensuring a random control sample. Both the SGA group and the

control group were from the Trondheim area and born in the same period of time. On the one

hand, this is a strength, as the two groups are comparable with regards to socio-demographic
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and cultural conditions. On the other hand, this could lead to a homogeneous study sample
that limits the generalisability of the study. However, with the wide exclusion criteria and the
sealed envelope method used to select the control group, there is reason to believe that the

control group is representative for the population.

There is a chance that the results from this study will be less relevant to individuals born SGA
today. The participants were included in 1986-1988. Due to advances in medicine, more
infants survive suboptimal pregnancies and receive better neonatal care (140). Better care
may lead to SGA individuals born today not having exactly the same characteristics as the
participants in this study. The decline in infant mortality has continued since the late 1980s
(140). With higher rate of survival, it is possible that this could lead to those surviving having
more complications than before, and an increased risk of adverse health outcomes in the
future. This would require further research. For the present, there is reason to believe that this

study will be of relevance for current individuals born SGA.

5.1.3 Outcome measures

In order to prevent information bias, it is important that all tests are conducted in a
standardized manner and that all participants were assessed equally (141). This was ensured
through trained and experienced examiners who were blinded to birth weight group.
Additionally, in order to trust the results of the study it is also important that the assessment

tools are reliable and valid.

Grip strength

The Jamar hand dynamometer is a widely used instrument for measuring hand grip strength.
It has proven to be a valid and reliable measurement instrument (121). It is important to
ensure that the grip strength assessment is conducted in the same way for all participants, as
grip strength varies depending on hand position, angle of the elbow and standing or seated
position during the test (142-144). Thus, it is a strength of this study that the positioning was
standardised and carried out equally for all participants. A possible weakness of the study
could be that the hand position on the dynamometer did not suit all the participants. Adapting
the hand position to each individual could have been beneficial. While this may be the case,
the Jamar hand dynamometer has shown good reliability when using hand position 3 and 4

(123), as in this study, and is therefore considered to suit most participants.
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Push-up test

The push-up test has been reported to be valid for testing health-related physical fitness (129).
Additionally, the test has shown good inter-rater reliability (126, 130). However, as small
variations in the push-up position or execution can affect the result (127), it is important that
the examiners instruct the participants and assess the performance of each participant equally.
The modification of the test and the fact that the examiners were specially trained in advance
contribute to the standardisation of the test, and hence a more reliable result. Additionally,
another positive aspect of the modification, is that it contributes to ensure that the participants
complete the entire path of motion. Suni (126) reported a learning effect when assessing test-
retest reliability of the test, probably due to the complexity of the push-up, and suggested that
the participants should practice the test before being tested. The participants in this study did
one sequence of the push-up before being timed. This is not necessarily sufficient practice,

but to avoid fatigue before testing, only one attempt was chosen.

Step test

Even though Astrand and Ryhming (131) found their step test to be valid for assessing
cardiorespiratory fitness in young adults, and Bennett et al. (132) concluded that step tests can
be a valid method of measuring cardiorespiratory fitness, there are several limitations
important to be aware of. A step too high for the individual participant could challenge the
muscular endurance to a greater extent than the cardiorespiratory fitness (132). In this study
the step hight was adapted to gender to minimize this risk. Whether this was sufficient for all

participants, is not known, as there was a variation in height among participants.

Heart rate was used as an outcome measure to investigate the cardiorespiratory fitness in this
study, which has been shown to increase linearly with VOomax, to some extent (134, 135).
However, there are a number of factors that can affect the heart rate to deviate from this linear
assumption (132, 145), including height and body composition. For example, smaller or
heavier individuals that have the same VOomax as taller and leaner individuals, is likely to
have a higher heart rate during the test, and thus have a lower VOamax estimation. This will
also affect the heart rate recovery. Higher exercise intensities will result in higher heart rates,
which is likely to create a larger decrease in heart rate after the step test is completed (136).
Thus, a maximal test with measurement of VOamax would have been a more accurate
assessment of the participants’ cardiorespiratory fitness. However, this is more time

consuming and requires that the participants are motivated to push themselves to the
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maximum to get a valid result. A submaximal test was therefore considered more feasible.
Even if it is not an optimal outcome measure to assess the participants’ cardiorespiratory

fitness, the test might still give an indication of their fitness level.

5.1.4 Statistical analysis

The objective of this study was to investigate whether there was any difference in physical
fitness between the SGA and the control group. An independent samples t-test was used to
assess group differences. A grip strength difference of 5 kg was found in both dominant and
non-dominant hand between SGA and control men, and the p-value indicated that this
difference was significant. However, the 95% CI was rather wide, and the result should

therefore be interpreted with caution.

The difference in grip strength found in men was adjusted for three potential confounders:
height, waist-to-hip ratio and socioeconomic status. Other possible factors that could affect
the results, that we were not able to adjust for, are the physical activity level of the
participants, proportion of fat-free mass to fat mass, and hereditary factors. Physical activity is
strongly associated with physical fitness (62, 63), and the possibility that differences in
physical activity level have affected the fitness of the participants cannot be ruled out.
Additionally, as the proportion of fat-free mass relative to fat mass has been reported to be
decreased in individuals born SGA (31-33), this may also be of relevance to their physical
fitness. Furthermore, there is a strong hereditary contribution to both muscular and
cardiorespiratory fitness that could not be estimated in this study. However, genetic
contribution on grip strength is reported to be approximately 50% (52), which means that
environmental factors remain essential. Nevertheless, we cannot rule out the possibility of

other potential confounding factors affecting the result.

5.2 Clinical importance and implications

5.2.1 Similar muscular and cardiorespiratory fitness in SGA and control individuals

The results in this study showed that there overall was no difference in muscular and
cardiorespiratory fitness between adults born SGA at term and adults born with normal birth
weight at term. This is encouraging results, as it indicates that the physical fitness in adults
born SGA might not be that different to the rest of the population. This may suggest that
physical fitness might not be an area that requires an explicit focus, and that it may not affect

the public health as much as it potentially could have.
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While this may be the case, there are known potential negative consequences of being born
SGA that can affect several parts of life, including both the body function and structure
domain and the activity and participation domain. Possible consequences include an increased
risk of non-communicable diseases, psychiatric diseases and reduced mental health and well-
being (5, 6, 21-23). Research show that increasing physical fitness and having an active
lifestyle is associated with decreased risk of non-communicable diseases, as well as improved
mental health and increased health-related quality of life (7, 77, 82, 83, 146). Consequently,
even though the physical fitness of SGA individuals may not be that different to the rest of the
population, the promotion of physical fitness may be particularly important in this group, as it

might contribute to prevent adverse consequences of being born SGA.

5.2.2  Lower grip strength in men born SGA

When the unadjusted analysis was stratified by sex, men in the SGA group had approximately
5 kg lower grip strength in both the dominant and non-dominant hand compared with men in
the control group. This difference decreased and was no longer significant when adjusted for
height. However, as many individuals born SGA are reported to have lower height in
adulthood, and as persistent short stature is associated with poorer health (147-149), it can be

argued that the results should not be adjusted for height.

The reduced grip strength in SGA men found in the unadjusted analysis is consistent with
multiple other studies that has found associations between birth weight and grip strength in
adulthood (10, 11), even though these studies have not explicitly studied SGA individuals
born at term. Furthermore, there is research reporting that foetal growth restriction, which
SGA is an indicator of, may affect muscle morphology (103). Some studies have also found
that SGA individuals are more likely to have motor problems (41, 42), and motor problems
are associated with reduced grip strength (67, 68). Consequently, the results of this thesis
might contribute to point to the direction that being born SGA affects grip strength in men.

Grip strength has been reported to be a biomarker of current and future health (87, 113, 150).
In the body functions and structure domain, reduced grip strength is associated with increased
risk of all-cause death and cause-specific death, including death from cardiorespiratory
disease (114, 115). Every 5 kg reduction in grip strength has been reported to be associated

with this increased risk, which corresponds to the unadjusted difference between the SGA and

30



control men in the current study. In the activity and participation domain, reduced grip
strength is associated with reduced mobility and function at older ages (87). As grip strength
is reported to track through life (87), a reduced grip strength when entering mid-adulthood
could indicate increased risk of functional problems later in life. Preventative measures in

order to increase the muscular fitness should therefore be a focus.

Physical activity has a great influence on physical fitness (62, 63). To increase the muscular
strength, the focus should be on activities that specifically challenges the strength (63).
Research show that physically active lifestyles develop in childhood and stays relatively
stable into adulthood (65, 66). Promoting physical activities in childhood that helps increase
the muscular fitness may therefore have long-term beneficial effects on adult muscle strength,
and furthermore, contribute to prevent reduced function, mortality and morbidity later in life.
It is especially important to find activities that are enjoyable to the individual, as those who

enjoy participation are more likely to be more physically active (69).
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6 CONCLUSION

This master’s thesis shows encouraging results concerning physical fitness in individuals born
SGA, entering mid-adulthood. Contrary to the hypothesis of the study, there were no other
differences in either muscular or cardiorespiratory fitness between the groups, neither in the
total groups nor stratified by sex, which are promising results. Men born SGA did, however,
have reduced grip strength compared with men in the control group, which may indicate an
increased risk of negative health outcomes. Increasing muscular fitness may therefore be

beneficial to prevent adverse health outcomes in men born SGA.
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7 IMPLICATIONS FOR FUTURE RESEARCH

A decline in muscular strength is expected with aging (57) and grip strength is reported to
track through life (87). Sayer et al. (151) found that birth weight was in fact associated with
sarcopenia in men and women, independently of height and weight, though gestational age
was not reported in this study. It could therefore be important to see how the grip strength in

SGA men develop as they grow older.

In the current study, the participants’ physical fitness was assessed objectively. It could be
useful to examine how the participants experience and evaluate their own physical fitness. If
adults born SGA feel that their fitness is poor, this could still affect their health, even if the
objective assessments did not reveal any major differences. In addition, we were not able to
adjust for the participants’ physical activity level, which is strongly correlated with physical
fitness. This could be relevant to investigate further, to see whether adults born SGA are
equally active as their peers, and if their physical activity level is associated with their
physical fitness. Data on self-rated fitness, physical activity level measured with
accelerometer and other outcomes has been investigated in the larger NTNU LBW Life study,

but has yet to be analysed.
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ABSTRACT

Background: Low birth weight has been associated with reduced physical fitness in
adulthood, but less is known about physical fitness in adults born small for gestational age
(SGA) at term.

Aim: To investigate whether physical fitness differ between term-born SGA adults and term-
born adults with normal birth weight.

Study design: Prospective cohort study.

Participants: In all, 107 32-year-old adults born at term (gestational age >37 weeks)
participated; 46 were born with a birth weight <10™ centile (22 women, 24 men), and 61 were
born with a birth weight >10™ centile (35 women, 26 men).

Outcome measures: Primary outcome measure was grip strength measured with a Jamar
hand dynamometer. Secondary outcome measures were number of push-ups in a modified
push-up test and heart rate after Astrand-Ryhming step test. Results were compared between
the two groups, stratified by sex and differences were adjusted for covariates.

Results: Maximal grip strength in the dominant hand was 37.0 (SD 8.2) kg in the SGA group,
and 38.7 (SD 10.2) kg in the control group (p=0.348). Men born SGA had an average of 4.8
kg lower grip strength in both the dominant (95% CI: -9.0, -0.6, (p=0.025)) and non-dominant
(95% CI: -9.2, -0.4, (p=0.035)) hand compared with men in the control group. The difference
was no longer significant when adjusted for height. Secondary outcome measures did not
differ between groups or stratified by sex.

Conclusion: Reduced grip strength in men born SGA indicates reduced muscular fitness,

which may predispose them to future morbidity and mortality.

Trial registration: ISRCTN77533991

Keywords: Small for gestational age, physical fitness, grip strength, modified push-up test,
step test

Abbreviations: SGA, small for gestational age (birth weight <10 centile); BMI, body mass

index; SES, socioeconomic status; SD, standard deviation; CI, confidence interval
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Introduction

Individuals born small for gestational age (SGA) are often defined as having a birth weight
below the 10™ centile for their gestational age, adjusted for sex and parity [1]. SGA is the
most frequently used indicator of intrauterine growth restriction, which is a state where the
foetus does not reach its genetic growth potential [2]. This involves an extra vulnerability for
later diseases, such as metabolic syndrome, cardiovascular disease, diabetes type 2, even
when born at term (i.e., gestational age >37 weeks) [3]. Globally, approximately 10% of term-
born infants in developed countries are born SGA, and according to the 1991 US national
reference population, 20% of term-born infants in developing countries are born SGA [4].

Hence, the high prevalence represents a major concern for public health.

Physical fitness is defined as a set of attributes that people have or achieve that relates to the
ability to perform physical activity [5]. Muscular and cardiorespiratory fitness are two
important health-related components of physical fitness [6], that both have been reported to be
associated with all-cause mortality, as well as non-communicable diseases [7, 8]. Several
studies have found associations of birth weight with muscular and cardiorespiratory fitness in
adulthood [9-11]. However, these studies have either included adults born preterm or not
specified the gestational age of their participants. This makes it difficult to distinguish if the

result is due to factors related to premature birth or low birth weight.

Three relatively small studies found no difference in cardiorespiratory fitness, measured by
maximal oxygen uptake (VO2max), between young (i.e., 18-24 years old) adults born at term
where one group had birth weight below the 10" centile and the other a birth weight at or
above the 10™ centile [12-14]. On the other hand, two recent Swedish registry studies that
included a large number of 18-year-old men born at term, found strong associations of birth
weight with grip strength and cardiorespiratory fitness, measured by maximal workload on a
cycle ergometer [15, 16]. Each standard deviation (SD) increase in birth weight,
approximately 450-455 g for a baby born at 40 weeks, was associated with 1.8 kg increase in

grip strength force [15] and 7.9 watt increase in maximal workload [16].

Thus, the research available concerning physical fitness in young adults born SGA at term
shows inconsistent results. Furthermore, there is a lack of research regarding physical fitness
in SGA individuals entering mid-adulthood, at an age where non-communicable diseases may

occur [17]. Grip strength, a simple and widely used measure of muscular strength, has in this
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case proven to be particularly relevant as it is a strong predictor of future physical function,

morbidity and mortality [8, 18, 19].

The main objective of this study was to examine whether muscular and cardiorespiratory
fitness differed between term-born SGA adults and term-born adults with normal birth
weight. We hypothesised that adults born SGA at term would display lower level of fitness
than the term-born control group. We also investigated physical fitness in women and men

separately and whether any differences were affected by potential confounding factors.

MATERIAL AND METHODS

Study design

This is a prospective cohort study of two groups of adults born in 1986-88; one group born
small for gestational age (SGA) at term, and one group born at term with birth weights >10%
centile, which serves as a control group. This study is a part of the NTNU Low Birth Weight
in a Lifetime Perspective study (NTNU Low Birth Weight Life), a Norwegian prospective
cohort study, which objective is to create a better understanding of how birth weight affects
physical and mental health, amongst others, throughout life. The participants took part in a
larger data collection and underwent a selection of tests and examinations throughout the
testing day. In addition to physical fitness tests, examinations included anthropometric
measurements, examination of lung function, visual function as well as fine and gross motor

function. Data were collected from September 2019 to October 2020.

Participants

The participants were initially included to a multicentre study investigating the aetiology and
consequences of intrauterine growth restriction [20, 21]. Pregnant women living in the
Trondheim region were enrolled before week 20 of pregnancy based on referral from general
practitioners and obstetricians. The participants were eligible if they had a singleton
pregnancy and had been pregnant one or two times before (n=5722). A 10% random sample
of the eligible women were selected to serve as a control group, using a sealed envelope
method. The SGA group was selected from the remaining women if they fulfilled one or more
defined risk criteria for SGA birth; a prior low birth weight birth, maternal cigarette smoking
at conception, low pre-pregnancy weight (<50 kg), a previous perinatal death, or the presence

of chronic maternal disease (chronic renal disease, essential hypertension, or heart disease)

47



(n=1384). The two groups were thoroughly followed through pregnancy and examined at
birth.

An infant was defined as SGA if the birth weight was below the 10" centile according to each
specific gestational week, and the reference standards were sex-specific based on data from
the Norwegian Medical Birth Registry [22]. The control participants had birth weight at or
above the 10™ centile. Gestational age (GA) was based on the first day of the mother’s last
menstruation if this was accurately recalled +/- three days. Ultrasound based GA was used if
last menstrual period was not recalled, or if there was a discrepancy of more than 14 days.

Both groups were born at term (GA >37 weeks) [20, 21].

Initially, 104 participants born SGA and 120 control participants were included (Figure 1). At
birth, two SGA infants and two control infants were excluded due to congenital syndromes or
multimorbidity. Of the total sample, 22 SGA individuals and 23 controls were not invited
because they previously had refused to participate, were living abroad, had no contact
information or did not answer the phone. Thus, a total of 174 potential participants were
invited to the current study, 79 in the SGA group and 95 in the control group. Due to practical
reasons related to the Covid-19 pandemic, six SGA individuals and seven controls that
initially agreed to be assessed were not able to participate. Furthermore, 27 individuals in
each group did not consent to clinical assessment. Thus, 46 SGA individuals and 61 control

individuals agreed to participate, which corresponds to 61.5% of those who were invited.
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Figure 1: Flowchart of the study population. SGA = small for gestational age (i.e., birth weight <10 centile).

Non-participants
There were no statistically significant differences between participants and non-participants

regarding gestational age, birth weight, body length, ponderal index or socioeconomic status
(SES).

Methods

Assessments were carried out at NTNU/St. Olavs Hospital in Trondheim, Norway. A brief
medical interview was conducted prior to testing. If the participant had a condition that made
them unable to perform a physical test or that could be worsened by testing, they were
excluded from that particular test. All examinations were carried out by experienced and
specially trained examiners, blinded to birth weight group. Anthropometric measurements
were performed by a nurse and physical fitness tests by two physiotherapists and a medical

research student. The examinations were carried out in the same order for each participant.
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Anthropometric measurements
At birth, the infants in both groups were weighed to the nearest 10 g on a standard scale, and
crown-heel length was measured with both legs extended to the nearest mm [21]. Ponderal

index (g/cm?) was calculated based on these measurements.

At follow-up, the participants’ height, waist and hip circumference were measured to the
nearest mm. Waist circumference was measured at the mid-point between the lowest rib and
the crista iliaca, and hip circumference at the maximal circumference over the buttocks.
Weight was measured by bioelectric impedance analysis (Seca mBCA 515) with a 100 g
accuracy. Body mass index (BMI, kg/m?) and waist-to-hip ratio (WHR, waist

circumference/hip circumference) was calculated based on the anthropometric measurements.

Socioeconomic status
Socioeconomic status (SES) was calculated according to Hollingshead’s Two Factor Index of
Social Position [23], based on participants’ education and occupation. This gives a social

class rating from 1 (lowest) to 5 (highest).

Primary outcome measure

Muscular fitness measured by the maximal isometric grip strength of the hands and forearm
muscles was considered the primary outcome. A Jamar (Smith and Nephew, Memphis, TN)
hand dynamometer was used. The dynamometer has 5 handle positions; position 3 and 4 were
used for women and men, respectively. The participants were seated during the test, with
shoulder abducted, a 90-degree angle in the elbow and a neutral position in the wrist, without
support of the forearm [24]. Measurement was repeated three times in both the dominant and
the non-dominant hand with 30 seconds recovery in between each attempt. Grip strength was
measured in kg force and the maximal grip strength of the three measurements for dominant
and non-dominant hand was used in the analysis. One participant in the control group could

not perform the grip strength test in the dominant hand due to a wrist fracture.

Secondary outcome measures

As secondary outcome measures, muscular and cardiorespiratory fitness was assessed by the
40-second modified push-up test and Astrand-Ryhming step test. The 40-second modified
push-up test measures the muscular strength and endurance capacity of the upper body [25]

and is modified to improve standardisation. The participants started laying prone on a mat
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with their hands close to the shoulders and feet hip-width apart with their toes on the mat [25].
Before every push-up they had to clasp hands behind their back before pushing themselves to
a straight leg push-up. In the top position they had to touch either of their hands with the other
hand before returning to the push-up position and returning to the down-position. The number
of correctly performed push-ups in 40 seconds were registered. One participant in the control

group could not perform the push-up test due to a wrist fracture.

The Astrand-Ryhming step test is a four-minute submaximal step-test that measures
cardiorespiratory fitness [26]. The participants stepped on and off the step for four minutes
paced by a metronome set to 46 beats per minute (i.e., 23 times up on the step/min). The
height of the step was adapted to sex: 33 cm for women and 40 cm for men. Heart rate was
observed during the test using a heart rate monitor (Firstbeat Technologies Oy) and recorded
after 4 minutes of stepping and after being seated for 2 minutes. If participants were not able
to complete the test, the heart rate when they ended the test was recorded and used in the

analysis.

Statistical analysis

The analyses were conducted in SPSS version 27 (IBM Statistics). A p-value of less than 0.05
was considered statistically significant. Participant characteristics were examined using
descriptive statistics. Differences in continuous data between groups were examined using
independent samples t-test or Mann Whitney U-test based on whether the data were normally

distributed or not. Differences in categorical variables were described using Chi square test.

Difference in muscular and cardiorespiratory fitness between the SGA and the control group
was examined using independent samples t-test. The assumption of normally distributed
variables was checked by visual inspection of histogram, Q-Q-plot and boxplot. As physical

fitness differs between women and men [27, 28], we also performed analysis stratified by sex.

Differences in physical fitness between groups were adjusted for potential confounding
factors in a univariate general linear model. Height, waist-to-hip ratio and socioeconomic
status were chosen as these variables have been reported to correlate with both being born
SGA [3, 29, 30] and physical fitness in previous literature [10, 31, 32]. Normal distribution of

the standardised residuals was checked by visual inspection of Q-Q-plot.
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Sensitivity analyses were performed to investigate whether any physical conditions affected
the result of the physical fitness assessments. Participants were excluded if they had any pain,
musculoskeletal diagnosis or recent injuries that could affect the specific physical fitness
tests. Furthermore, we excluded outliers, pregnant women and participants who did not

manage to do any push-ups or complete the step test in separate sensitivity analysis.

A sample size calculation was performed based on a grip strength difference of 5 kg, as this
has been reported to impact all-cause and cardiovascular mortality [18, 19]. We used a
standard deviation (SD) of 7.8 based on reported SD’s for men and women aged 30-39 years
in a Norwegian study by Kjear et al. [27]. With an alpha-level of 0.05 and desired power of

80% we needed 39 participants in each group.

Ethics

The study is approved by the Regional Ethical Committee (REC number 23879). Written
informed consent was obtained from all participants. The data was anonymised and stored
securely on a remote server with a two-step identifier. All methods were non-invasive and
entailed low risk for injury or adverse events. An appointed doctor was medically responsible

during data collection. Participants in need of health services were referred as appropriate.

RESULTS

Background characteristics

Participants’ characteristics at birth are shown in Table 1. As expected by study design, the
SGA group had significantly lower birth weight, body length and ponderal index at birth
compared with the control group. All participants were born to term, and there was no
difference between the groups regarding gestational age. There were 22 (47.8%) women in

the SGA group and 35 (57.4%) in the control group (p=0.433).
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Table 1 Characteristics at birth of adults born small for gestational age (SGA) at term and
adults born at term with normal birth weight (control).

SGA Control
n=46 (women n=22) n=61 (women n=35)
Mean (SD) Mean SD p-value

Gestational age (weeks)

Girls 39.6 (1.3) 39.7 (1.2) 0.550

Boys 39.6 (1.1) 399 (1.2) 0.439

Total 39.6 (1.2) 39.8 (1.2) 0.351
Birth weight (g)

Girls 2841 (253) 3622 (479) <0.001

Boys 2988 (151) 3772 (445) <0.001

Total 2918 (216) 3686 (467) <0.001
Body length (cm)*

Girls 478 (2.1) 50.5 (1.8) <0.001

Boys 49.2 (L.5) 51.8 (1.9) <0.001

Total 48.5 (2.0) 5.1 (1.9) <0.001
Ponderal index®

Girls 2.6 (0.3) 2.8 (0.2) 0.001

Boys 2.5 (0.2) 2.7 (0.3) 0.009

Total 2.6 (0.2) 2.8 (0.3) <0.001

*Data missing for 5 SGA participants (2 women, 3 men) and 3 control participants (women). SD = standard
deviation

At follow-up, participants’ weight and BMI were similar in the two groups (Table 2). Mean
height was significantly lower in the SGA group compared to the control group, both when
comparing the total group and when stratified by sex. SGA women were also slightly younger
than women in the control group, and SGA men had higher waist-to-hip ratio than men in the

control group.

The participants’ socioeconomic status was similar in the two groups, and both groups had

median scores in the upper part of the scale.
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Table 2 Characteristics at follow-up of adults born small for gestational age (SGA) at term
and adults born at term with normal birth weight (control).

SGA Control
n=46 (women n=22) n=61 (women n=35)
Mean (SD) Mean (SD) p-value

Age at examination (years)

Women 323 (0.5) 32.6 (0.5) 0.016

Men 32.8 (0.6) 32,5 (0.5) 0.154

Total 32,5 (0.6) 32.6 (0.5) 0.618
Height (cm)

Women 163.4 (6.6) 168.2 (6.5) 0.009

Men 177.6  (5.6) 183.2 (6.1) 0.001

Total 170.8 (9.4) 174.6  (9.8) 0.045

Median (IQR) Median (IQR) p-value

Weight (kg)

Women 62.3 (55.7-67.6) 65.7 (59.3-78.4) 0.079

Men 81.8 (76.1-88.7) 83.4 (76.4-91.6) 0.705

Total 74.6 (62.7-84.0) 75.7 (65.0-86.2) 0.443
BMI

Women 22.5 (21.5-25.5) 23.7 (20.6-26.4) 0.646

Men 26.0 (23.8-28.2) 249 (22.4-26.8) 0.187

Total 24.8 (22.4-27.3) 243 (21.8-26.7) 0.489
Waist-to-hip ratio

Women 0.78 (0.76-0.83) 0.78 (0.77-0.82) 0.922

Men 0.89 (0.87-0.93) 0.86 (0.83-0.92) 0.034

Total 0.85 (0.78-0.90) 0.82 (0.78-0.87) 0.120
Socioeconomic status

Women 4.0 (4.0-5.0) 4.0 (4.0-5.0) 0.092

Men 4.0 (3.0-5.0) 4.0 (3.0-5.0) 0.671

Total 4.0 (3.0-5.0) 4.0 (4.0-5.0) 0.119

SD = standard deviation. IQR = interquartile range (25 quartile-75 quartile). Socioeconomic status (values 1-5, 5
= highest social class).

Physical fitness

The results of the physical fitness tests are shown in Table 3. Overall, there were no group
differences in grip strength, modified push-up test or step test. However, stratified by sex,
men in the SGA group had significantly lower grip strength in both hands compared with men
in the control group. The mean difference was 4.8 kg (95% CI: -9.0, -0.6, p=0.025) and 4.8 kg
(95% CI: -9.2, -0.4, p=0.035) in the dominant and non-dominant hand, respectively. The
distribution and difference in grip strength between the men is shown in Figure 2. There was

no difference in grip strength between the women in the two groups.
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Table 3 Grip strength, 40-second modified push-up test and Astrand-Ryhming step test in
adults born small for gestational age (SGA) at term and adults born at term with normal birth
weight (control).

SGA Control

n=46 (women n=22)  n=61 (women n=35)

Mean (SD) Mean (SD) diffelﬁfi‘; (95% CI)  p-value
Maximal hand grip
strength, dominant
hand (kg)
Women 31.0 (5.0 32.1 (5.6 -1.1 (4.0, 1.9) 0.462
Men 425 (64) 474 (8.1) -4.8  (-9.0,-0.6) 0.025
All 37.0 (8.2) 38.7 (10.2) -1.7  (-5.3,2.0) 0.348
Maximal hand grip
strength, non-
dominant hand (kg)
Women 28.1 (4.9 292 (5.9) -1.1  (-4.0, 1.8) 0.433
Men 39.7 (7.0) 445 (8.4) -4.8 (-9.2,-0.4) 0.035
All 342 (8.4) 357 (10.2) -1.6 (-5.2,2.1) 0.398
Number of modified
push-ups in 40
seconds
Women 9.5 (44 8.1 (4.1)¢ 1.4 (-0.9,3.8) 0.217
Men 125 (4.7 11.7 (3.0 09 (-14,3.1) 0.447
All 11.1 (4.8) 9.6 4.1y 1.5 (-0.3,3.2) 0.093
Heart rate after 4
min. step test
Women 150.8 (17.1) 150.4 (18.9) 04 (-9.6,10.4) 0.936
Men 160.8 (19.1) 160.0 (19.1) 0.8 (-10.1,11.7) 0.885
All 156.0 (18.7) 154.5 (19.4) 1.5 (-5.9,8.9) 0.685
Heart rate after 2
min. rest
Women 98.5 (17.5) 98.0 (17.2) 0.5 (-89,9.9) 0.916
Men 1059 (21.5) 106.5 (24.9) -0.6  (-13.8,12.7) 0.935
All 102.4 (19.8) 101.6 (21.1) 0.8 (-7.2,8.7) 0.849
Difference in heart
rate from end of 4
min. step test and 2
min. rest
Women 523 (9.6) 524 (13.2) -0.1 (-6.2,6.0) 0.974
Men 54.8 (13.7) 53.5 (16.5) 1.3 (-7.3,10.0) 0.758
All 53.6 (1L.8) 52.9 (14.6) 0.8 (4.5,6.0) 0.774

1 missing due to fracture in the arm. SD = standard deviation. CI = confidence interval
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Figure 2 Distribution of grip strength in the dominant and non-dominant hand for men born
small for gestational age (SGA) at term and men born with normal birth weight (control). The
box contains 50% of the cases. Circles indicate outliers; thick horizontal line in each box,
median value; and limit lines, the highest and lowest values (except for the outliers).

Potential confounding factors

When we adjusted height at follow-up, the difference in maximal grip strength among men
decreased to 2.8 (95% CI, -7.3, 1.7, p=0.214) in the dominant hand and 2.8 (95% CI, -7.6,
2.0, p=0.248) kg in the non-dominant hand and were no longer significant (Table 4). When
we adjusted for waist-to-hip ratio, the difference between the groups was essentially the same
and still significant in both hands. Likewise, the difference was essentially unchanged when

adjusting for the participants’ socioeconomic status.

Table 4. Difference in maximal grip strength (kg) between men born small for gestational age
(SGA) at term (n=24) and men born with normal birth weight (control) at term (n=26),
unadjusted and adjusted for potential confounding factors.

Unadjusted Adjusted for height Adjusted for waist-to- Adjusted for SES
hip ratio
B (95% CI) p B (95% CI) p B (95% CI) p B (95%CI) p
Dom -4.8(-9.0,-0.6)  0.025 -2.8(-73,1.7) 0214 -4.6(9.0,-0.3) 0.038 -4.7(-8.9,-0.5)  0.029

hand

Non-dom -4.8 (-9.2,-0.4) 0.035 -2.8(-7.6,2.0) 0.248 -4.7(-9.3,-0.1) 0.047 -4.7(9.1,-0.2) 0.039
hand

SES: socioeconomic status, Dom hand=dominant hand, Non-dom hand=non-dominant hand
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Sensitivity analyses

Results were unchanged when we excluded one woman and one man in the SGA group and
two women in the control group in the grip strength analyses, and likewise excluded 5 women
and three men in the SGA group and three women and five men in the control group from the
step test analyses due to musculoskeletal diagnoses or recent injuries. When we excluded
three women and three men in the SGA group and three women and two men in the control
group from the push-up analyses, there was a small increase in number of push-ups to 1.8
(95% CI: 0.05, 3.5; p=0.044) in favour of the SGA group. The difference was not significant

when stratified by sex (data not shown).

Results were unchanged when we excluded two pregnant women in each group, and when we
excluded one man in the SGA group and two women in the control group that were not able

to do any push-ups or two men in the SGA group that could not complete the test.

When we excluded one man in the SGA group and two men in the control group who were
outliers in the grip strength tests (Figure 2), the difference in grip strength increased to 5.6 kg
(95% CI: -9.6, -1.7, p=0.006) in the dominant hand and to 4.9 kg (95% CI: -9.0, -0.8,
p=0.021) in the non-dominant hand. When we excluded two SGA outliers (men) in the push-
up test, the difference between the groups decreased to 0.9 (95% CI-0.7, 2.5, p=0.263). The

step test results were essentially the same when excluding two SGA outliers (men).

DISCUSSION

Main findings

Overall, and contrary to our hypothesis, we found no difference in physical fitness between
adults born SGA and the control group, measured by grip strength, a 40-second modified
push-up test and a 4-minute submaximal step test. However, men in the SGA group had
significantly lower grip strength in both dominant and non-dominant hand compared with
men in the control group. The difference was not affected by adjustments for waist-to-hip

ratio and socioeconomic status, but was no longer significant when we adjusted for height.

Strengths and limitations
A strength of this study is the prospective population-based design, where participants were
recruited and followed from mid-pregnancy. The participation rate of 61.5% of the invited

represents a substantial loss to follow-up. Nevertheless, follow-up rates of 50-80%
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participation have been suggested to be acceptable in cohort studies [33]. Individuals
performing worse may have a stronger tendency to drop out [33, 34], which could have led to
a selection bias toward physically fit participants. However, there were no differences in
background variables between participants and non-participants, and assessment of physical
fitness was only a part of a larger follow-up examination. Thus, it seems unlikely that the
results are affected by selection bias. However, loss to follow-up limits the sample size and
may have affected the power of the study. Nevertheless, the non-significant differences in

crude test results were small, indicating that type II-errors are unlikely.

In this study, SGA was defined as birth weight below the 10™ centile. This may also comprise
individuals who are genetically small and not necessarily growth restricted. At the same time,
the control group may comprise individuals who are growth restricted, but still have a birth
weight above the 10" centile. This could possibly contribute to smaller differences between
the groups in this study. Nevertheless, the 10" centile is a common cut-off used to identify

SGA individuals [4].

The SGA women were on average 0.3 years younger than the control women. This is believed
to have little impact on the result, as physical fitness is seen to be quite stable across the

thirties before gradually declining from midlife [27, 28].

The use of objective measurement tools to assess physical fitness is a strength of this study, as
self-reports may be biased by over- or underestimation [35]. Furthermore, the measurements
were conducted in the same order and with the same equipment for all participants.
Additionally, the measurements were carried out by three experienced and specially trained
examiners who were blinded to birth weight groups. This strengthens the internal validity of
the results. Both grip strength measured by a dynamometer and the modified push-up test
have been reported to be valid instruments for assessing muscular fitness [36, 37]. A
limitation of the study was the measurement of cardiorespiratory fitness by a submaximal test
with heart rate as the outcome, as heart rate is largely individual [38], and a maximal exercise
test measuring maximal oxygen uptake would more accurately evaluate cardiorespiratory
fitness [6]. However, a submaximal test is less time consuming and more comfortable for the

participants to perform and was considered more feasible in this study.
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The difference in number of push-ups performed was slightly increased in favour of the SGA
group when we excluded participants with pain, musculoskeletal diagnosis or recent injuries.
There was, however, no difference in analyses stratified by sex, indicating that the difference
might not be of great importance. Additionally, when excluding two SGA outliers in the total
sample, the difference in push-ups decreased substantially. In this study we were able to
adjust for anthropometric measurements and socioeconomical factors, but we cannot exclude
the possibility that hereditary factors and physical activity level or other lifestyle habits may

have affected the results.

Physical fitness

Our hypothesis that adults born SGA would display a lower fitness level than their peers was
not confirmed in this study. The only significant difference in physical fitness was found
between SGA and control men in grip strength, where men born SGA had approximately 5 kg
lower grip strength in the unadjusted analyses. However, the result must be interpreted with
caution, as the 95% CI was rather wide. The difference in grip strength is consistent with the
recent Swedish study that found strong associations between birth weight in men born at term
and grip strength at 18 years of age [15]. It is also in accordance with other studies that have
found strong associations between lower birth weight and reduced grip strength in adulthood,
regardless of gestational age at birth [9]. The reduction in grip strength found for SGA men in
this study could indicate an increased risk of negative health outcomes, as increased hazard
ratio of all-cause mortality ranging from 1.08 [19] to 1.16 [18], and for cardiovascular

mortality of 1.17 [18], have been reported for every 5 kg reduction in grip strength.

Adjusting for socioeconomic status or waist-to-hip ratio did not affect the difference in grip
strength between men. When we adjusted for height, the difference in grip strength was no
longer significant, indicating that the difference was mediated through a lower height in men
born SGA. This is in accordance with previous research reporting that height is associated
with grip strength [10]. However, as many adults born SGA are characterised by shorter
height than adults born with normal birth weight [39], this may be an inherent part of being
born SGA, and one may therefore argue that the results should not be adjusted for height.
Moreover, individuals not experiencing catch-up growth after being born SGA have been
reported to be at higher risk of poorer health compared with those who achieve their growth

potential [40, 41]. Additionally, even when adjusted for height, the grip strength of SGA men
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was lower than the 59 kg normative value for men of the same age in Norway [27, 42]. This

underlines the relevance of the lower grip strength finding in our study.

The differences in grip strength among men only, may be related to motor development, as
associations between motor development and grip strength in adulthood have been
documented [10]. Growing up, boys in the general population are reported to have motor
problems more often that girls [43]. In the SGA population, several studies also show that
boys are more vulnerable to growth restriction in utero than girls, possibly because of a higher
growth velocity [44]. Thus, SGA boys and men may be more susceptible to unfavourable
development outcomes. In support of this, we have previously reported reduced manual
dexterity at 14 years of age in the SGA boys, and not girls [45]. This may be related to the
findings of reduced grip strength in the present study.

The fact that we did not find any differences between the groups in the push-up test or step
test, deviates from our hypothesis. Our findings are also in contrast to the study by Ahlquist et
al. [16], reporting a strong association between 1 SD decrease in birth weight and reduced
cardiorespiratory fitness in term-born men, and other studies reporting associations between
birth weight and cardiorespiratory fitness when including adults born preterm [10, 46, 47].
However, our results are consistent with three other studies that found no differences in
VO:2max between young adults born SGA and controls born with normal birth weight [12-14].
The results of this study may therefore contribute to strengthen the evidence that adults born
SGA at term may not have lower cardiorespiratory fitness than those born with normal birth

weight.

Clinical implications

Overall, the lack of differences between SGA and control individuals found in this study is
promising with regards to future health. However, reduced grip strength is an established
predictor of future physical function, morbidity and mortality [18, 19, 48]. Research also
shows that grip strength tracks through life [48]. Thus, having reduced grip strength at
younger ages increases the risk of having even lower grip strength at older ages, which can
increase the risk of functional problems [48]. It is therefore worrying that men born SGA
already at 32 years of age had reduced grip strength compared with men in the control group.
Consequently, promoting a physically active lifestyle in men born SGA may be advantageous.

A physically active lifestyle has been shown to form early in life [49], indicating that
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promotion of physical activity, especially concerning activities that enhance muscular

strength, should be a focus from childhood.

CONCLUSION

Overall, we found no difference in physical fitness between individuals born SGA at term and
individuals born with normal birth weight at term, entering mid-adulthood, which are
promising results. However, men born SGA had significantly lower grip strength than men
born with normal birth weight. This may predispose them to reduced future physical function,
morbidity and mortality. Adequate physical activity levels may therefore be particularly
important for this group. Nevertheless, there are few studies concerning physical fitness in
term-born SGA individuals entering mid-adulthood. Further research is therefore needed to

determine whether adults born SGA have lower physical fitness than others.
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Physical fitness tests

Modified from ESTER study guide for physical fitness tests.

Updated 23.8.2019 by Marjaana Tikanmaki



Step test

Purpose:
To measure cardiorespiratory fitness with a submaximal test.

Exclusion from the test: See additional health questionnaire

Equipment:
2 bench steps (33 cm and 40 cm), metronome, stopwatch, heart rate monitor

Preparations:
e Set the bench on the appropriate height (women 33 cm, men 40 cm)
e  Wind up and set metronome to 92 beats/min before each performance (the participant will
be stepping on the bench 23 times/min)

Instructions:

“We measure cardiorespiratory fitness using step test during which the participant steps on and off a
bench for 4 minutes paced by a metronome. Step on the bench using entire soles of feet. Heart rate is
observed during the test.”

e Practice the sequence: pace, posture (make sure knee and hip straighten out)

Test performance:
e Commands: READY — START! (0 min) ...STOP! (4 min)
e  Press split time button on the heart rate monitor at each of the
three time points:
1. The beginning of step test (0 min)
2. The end of step test (after 4 min of stepping)
3. The end of recovery time (after being seated for 2 min)
e Observe and instruct the participant on the right pace
(the right pace should be found during the first minute)
e The end of step test (after 4 min of stepping):
Record heartrate_ beats/min into the forms and
instruct the participant to be seated. The participant sits for
exactly 2 min.
e After being seated for 2 minutes:
Record heartrate _ beats/min into the forms.
e If the participant is not able to step on the bench for 4 minutes
or fails to keep up the required pace, record heart rate and
time at the end of stepping and write down comments to the

clinical form. Figure 1 Step test

Reference: Astrand & Ryhming 1954. A nomogram for calculation of aerobic capacity (physical
fitness) from pulse rate during sub-maximal work. J Appl Physiol 7(2):218-221.



Modified push-up test

Purpose:

To measure strength and endurance capacity of
extensor muscles in arms and the ability of upper
body muscles to stabilise the trunk.

Exclusion from the test:
Contraindications are symptoms of
cardiorespiratory disease, difficult low back and
arm pain that could be worsened by the test
movement. Record them in the clinic form.

Equipment:
Stop watch, gymnastics mat

Instructions:

The examiner shows the performance (Figure 1).
The phases of the push-up are practiced once
before the 40-second test performance. One test
performance is included in the test.

Starting position: The participant lay prone on a
mat, places hands close to the shoulders, feet
hip-width apart, toes firmly on a mat.

“Clasp hands behind your back (or your bottom if
you don’t reach your hands). Bring your hands to
the shoulder-level. Push yourself to a straight leg
push-up such that your arms and elbows are
completely straight (hip and knees come off the
floor simultaneously). In this position, touch either
of the hands with the other and return to the
push-up position and return down on the mat.
Start a new push-up by clasping your hands
behind your back. Make as many push-ups in 40
seconds as possible.”

Test performance:

Stop watch is started when hands clasp behind
the back for the first time. In the end of 40
seconds the last performed push-up is the one
where the participant pushed arms and elbows
straight up.

Test result:

The number of correctly performed push-ups in
40 seconds. The result is O if the participant
cannot push up on straight arms at all.

Reference values:

Modified pushup (number of completed push-
ups/40 s) women and men. There are no
reference values for younger age group.

WOMEN Age group (years)
Fitness class 31-40 41-50 51-60
5 214 213 211
4 11-13 11-12 9-10
3 10 10 7-8
2 9 8-9 5-6
1 <8 <7 <4
MEN Age group (years)
Fitness class 31-40 41-50 51-60
5 >17 216 214
4 15-16 14-15 13
3 13-14 12-13 11-12
2 11-12 10-11 8-10
1 <10 <9 <7

Fitness class:

5 = clearly above average

4 = somewhat above average
3 = average

2 = somewhat below average
1 = clearly below average

Reference: Testaajan opas. UKK-terveyskuntotestit keski-ikaisille. UKK-instituutti, 2005.
Suni J et al. (1996). Health-Related Fitness Test Battery for Adults: Aspects of Reliability. Arch Phys Med

Rehabil. 77(4):399-405.




Starting position:

- Lie prone on a mat

- Hands close to the shoulders
- Toes on the mat

- Feet hip-width apart

Clasp hands behind your back
(or your bottom, if you don’t reach)

Return to starting position

Perform a straight-leg push-up

with elbows completely straight

in the vertical position

- Trunk straight

- Hip and knees come off the floor
simultaneously

Touch one hand on top of the
supporting hand,

Return to the up position

Return to the prone position

- <

Make as many push-ups in 40 seconds as possible!

Figure 2 Modified push-up test



Hand grip strength

Purpose:
To measure maximal isometric strength of hand
and forearm muscles.

Exclusion from the test:
Contraindications for the test are injury or
disease that could be worsened by the test. If
either or both of the hands are not tested, the
reason is recorded in the clinical form.

Equipment:
Chair, hand dynamometer (Jamar)

Preparations and instructions:
Enquire which hand is dominant (the one
participant uses for writing) and record it in the
clinic form.

The handle size is being set at position 3 for
women and position 4 for men.

Ask the participant to sit in a chair with:
- straight back
- feet flat on the floor

- upper arm unsupported and aligned with the

trunk
- elbow flexed at 90° degrees
- forearm and wrist in neutral position

Test performance:
Grip strength will be measured in both hands
starting with the dominant hand.

The participant squeezes the handle as tight as
possible for 3-5 seconds. Every participant should
be cheered similarly. During measurement, elbow
and wrist position is maintained.

Commands: “Are you ready? READY —
START/NOW! SQUEEZE — SQUEEZE — SQUEEZE —
that’s enough”.

Measurement is repeated three times for after 30
second recovery.

Repeat similarly for the measurement of non-
dominant hand.

Figure 3 Handgrip test

Test result:
The best of three measurements of dominant and
non-dominant hands are used in analysis.

Reference: SuniJ et al 2014. Retest repeatability of motor and musculoskeletal fitness tests for public
health monitoring of adult populations. J Nov Physiother 4(1):1000194. Based on EHES Manual, Part B.
Fieldwork Procedures, 2nd edition (2016), Available at: http://urn.fi/URN:ISBN:978-952-302-701-5.
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GUIDE FOR AUTHORS

The aim of this peer-reviewed interdisciplinary journal is to provide a forum in which papers concerned
with early human growth and development are gathered. The emphasis is on the continuum of fetal
life, the problems of the perinatal period and those aspects of postnatal growth which are influenced
by early events; and on the safe-guarding of the quality of human survival

Papers should deal with original research not previously published or being considered for publication
elsewhere. The act of submitting a manuscript to the journal carries with it the permission for the
journal to publish that paper. The main object of the journal is the publication of original research
papers with application to the human species. These should appeal to clinicians and research workers
alike. Manuscripts will be considered for publication in the following fields: obstetrics; reproduction and
fertility; fetal medicine and surgery; perinatology; paediatric growth and development; teratology;
developmental neurology; and psychology. Papers from other fields or studies on other species will
also be considered, if they are related to early human development.

Research papers should not exceed 6000 words. For the introduction there is a maximum of 1000
words and for the discussion a maximum of 2000 words. There should be no more than 6 illustrations,
figures and/or tables (combined total). The reference section is limited to 50 references for the initial
submission, subsequent revisions may have more references if necessary.

Review papers of specialized topics within the scope of the journal should not exceed 8000 words.
There should be not more than 6 illustrations, figures and/or tables (combined total). The reference
section is limited to 100 references for the initial submission, subsequent revisions may have more
references if necessary.

Short communications describe new methods or the results of experiments that can be reported
briefly. A short communication is 2000 words or less with a maximum of two illustrations (figures
or tables). The reference section is limited to 15 references for the initial submission, subsequent
revisions may have more references if necessary. A summary of not more than 50 words should be
included.

Letters to the editor should either be on a topic of current interest, or comment upon material
previously or simultaneously published in this journal. They should not normally exceed 500 words.

Book reviews should not exceed 2000 words.
Practice guidelines should not exceed 8000 words.

Please note the reference section is not included in the word count.
For any queries regarding the submission, please contact ehd@elsevier.com

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

¢ All figures (include relevant captions)

¢ All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
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¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. This summary statement will be ultimately published if the article is
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accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part
of the journal's official records. It is important for potential interests to be declared in both places
and that the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract, or as part of a published lecture or academic thesis or as an electronic
preprint, see https://www.elsevier.com/postingpolicy, that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service Crossref Similarity Check.

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Early Human Development will not publish a paper unless it has the signatures of all the authors at
the time of submission. We suggest the following format: "I declare that I participated in the design,
execution, and analysis of the paper by..... and colleagues entitled....., that I have seen and approved
the final version and that it has neither been published nor submitted elsewhere. I also declare that I
have no conflict of interest, other than any noted in the covering letter to the editor" These signatures
need not be dated; when provided on separate sheet(s) these statements will be returned if the paper
is not accepted for publication.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.
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Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Early Human Development has adopted the proposal from the International Committee of Medical
Journal Editors (ICMJE) which require, as a condition of consideration for publication of clinical trials,
registration in a public trials registry. Trials must register at or before the onset of patient enrolment.
The clinical trial registration number should be included at the end of the abstract of the article.
For this purpose, a clinical trial is defined as any research project that prospectively assigns human
subjects to intervention or comparison groups to study the cause-and-effect relationship between a
medical intervention and a health outcome. Studies designed for other purposes, such as to study
pharmacokinetics or major toxicity (e.g. phase I trials) would be exempt. Further information can be
found at http://www.icmje.org

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

All sources of funding should be declared as an acknowledgement at the end of the text. Authors
should declare the role of study sponsors, if any, in the study design, in the collection, analysis and
interpretation of data; in the writing of the manuscript; and in the decision to submit the manuscript
for publication. If the study sponsors had no such involvement, the authors should so state.

Please visit our Open Access page for more information.
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Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Authors in Japan please note

If you would like information about how to have the English of your paper checked, corrected and
improved (before submission), please contact our Tokyo office who will inform you of the services
provided by language correctors: Elsevier Japan, 20-12 Yushima 3-chome, Bunkyoku, Tokyo 113;
Tel:(03) 5561 5033 and Fax:(03) 5561 5047; E-mail: info@elsevier.co.jp

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com/ehd/default.aspx .

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

This journal operates a double anonymized review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. Editors are not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services in which the
editor has an interest. Any such submission is subject to all of the journal's usual procedures, with
peer review handled independently of the relevant editor and their research groups. More information
on types of peer review.

This journal uses double anonymized review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website. To facilitate this,
please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Anonymized manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

For the initial submission of manuscripts for consideration it is essential to send via Editorial Manager
your text, tables, legends and figures. The manuscript must be in English. The manuscripts should
be typed with double spacing with wide margins on one side of the paper only; full length papers
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should be divided into sections (such as introduction, methods, results and discussion). The author's
full names and academic addresses should be given on the title page, as well as an address for
correspondence.

Although minor alterations to the English can be made in the editorial office it is important that authors
whose first language is not English should have the paper checked by a native English speaker before
submission.

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Structured Abstract not exceeding 250 words should be given at the beginning of the paper. The
Abstract should include: background, aims, study design, subjects, outcome measures, results and
conclusions.
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Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

¢ Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
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TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figures

Figures initially should be submitted in print in black and white, or colour on a plain sheet of paper,
or glossy photographs. Three copies are required of each figure. The legends should be typed with
double spacing, on a separate sheet. After final acceptance the legends and graphics can be submitted
in electronic format and the instructions will be sent with the letter of acceptance.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Tables should be typed, with double spacing, each on a separate sheet, numbered consecutively with
arabic numerals, and should only contain horizontal lines. A short descriptive heading should be given
above each table, and any footnotes and explanations underneath.

References should be in the Vancouver style. For more details refer Reference Style

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
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note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001]JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/early-human-development

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear
in the text.

Examples:

Reference to a journal publication:

[1]]. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun.
163 (2010) 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.]. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr.,, E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:
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[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwj98nb39r.1.

Reference to software:

[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. Manzini, E. Shelef,
K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S. Karra, S. Painter, E. Jafarov, S. Molins, Advanced
Terrestrial Simulator (ATS) v0.88 (Version 0.88), Zenodo, March 25, 2020. https://doi.org/10.5281/
zenodo.37272009.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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