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The prevalence of obesity is increasing globally both in the general population 
and in women of a reproductive age. Maternal obesity is a well-known risk factor 
for acute adverse pregnancy outcomes. Furthermore, accumulating evidence 
suggests that maternal obesity may impact offspring health later in life. The 
finding is supported by the Developmental Origins of Health and Disease 
(DOHaD) paradigm, which suggests that adverse environmental influences 
during early development, such as maternal obesity, may have an unfavorable 
impact on later health through the mechanisms of developmental programming. 
Previous observational studies have found associations of maternal obesity and 
a number of offspring long-term health outcomes, including obesity, diabetes 
and asthma. While most preceding research in the field have focused on offspring 
health outcomes in childhood and adolescence, the associations of maternal 
obesity and offspring health in adulthood are less studied. 

The aim of this thesis was to examine the associations between maternal body 
mass index (BMI) in pregnancy and offspring health in late adulthood. The main 
offspring health outcomes in the thesis are physical and psychosocial functioning 
(study I), asthma (study II), glucose metabolism (study III) and physical activity 
(study IV). Study IV also examine associations between a change in participants’ 
weight status from childhood to late adulthood and physical activity in older age. 

This thesis is a part of the Helsinki Birth Cohort Study (HBCS). HBCS includes 
13,345 individuals who were born in Helsinki between 1934 and 1944. In 2001-
2004, a subset of 2003 cohort members participated in a baseline clinical 
examination and in 2011-2013, 1094 participants attended a follow-up clinical 
examination. At the baseline clinical examination, when participants’ mean age 
was 61 years, functioning was assessed with the RAND 36-Item Health Survey 1.0 
and glucose metabolism with an oral glucose tolerance test. At the follow-up 
clinical examination, participants’ physical activity levels at the mean age of 70 
years were measured with a multisensory body monitor. We defined asthma as 
receiving special reimbursement for asthma medication. Maternal BMI was based 
on maternal weight and height measurements in late pregnancy from hospital 
birth records. 

The 4 articles of the thesis produced several findings. Higher maternal BMI 
predicted a poorer physical and psychosocial functioning (study I) and an 
increased risk of asthma (study II) in men in late adulthood, whereas no similar 
associations were observed in women. In participants without diabetes, maternal 
BMI was associated with a favorable glucose metabolism in non-obese men 



 

(study III). Overweight in childhood, especially in women, and overweight in 
adulthood were associated with lower levels of physical activity in older age. In 
participants with childhood overweight, reaching normal weight by adulthood 
was associated with higher physical activity levels in older age. There was a 
slightly U-shaped association of maternal BMI and physical activity levels in 
older aged women, whereas there was no association on men (study IV). 

This thesis provides further insight into maternal obesity as a risk factor for 
offspring health later in life. Findings from this thesis support the evidence that 
maternal BMI may affect offspring later health in a sex-dependent way and 
suggest that the associations can still be observed in the offspring in late 
adulthood. Strategies to reduce overweight and obesity in young women should 
be implemented in order to improve the long-term health of their offspring. 



 

En allt större andel av världens befolkning lider av övervikt och den utvecklingen 
berör även kvinnor i reproduktiv ålder. Övervikt under graviditeten är en välkänd 
riskfaktor för ett flertal direkta graviditetskomplikationer. Allt fler studier tyder 
på att övervikt hos gravida kvinnor även kan påverka deras barns hälsa på lång 
sikt. Enligt principen för tidig programmering kan ogynnsamma förhållanden 
under tidig utveckling, såsom moderns övervikt, bidra till permanenta 
förändringar hos barnet och därmed till en tidig programmering av kroniska 
sjukdomar och försämrad hälsa senare i livet. 

Medan de flesta tidigare studier i ämnet har fokuserat på barnets hälsa i 
barndomen och ungdomen, var syftet med den här avhandlingen att studera 
sambandet mellan moderns viktindex under graviditeten och barnets hälsa i övre 
vuxenålder. Delstudierna fokuserade på fysisk och psykisk funktionsförmåga 
(delstudie I), astma (delstudie II), glukosmetabolism (delstudie III) samt fysisk 
aktivitet (delstudie IV). Studie IV beskrev även förändring i övervikt från 
barndom till vuxen ålder och dess samband med fysisk aktivitet i ålderdomen. 

Den här avhandlingen är en del av Helsingfors födelsekohortstudie som 
inkluderar 13 345 personer som föddes i Helsingfors under åren 1934–1944. 
Under åren 2001–2004 deltog 2003 personer från den ursprungliga kohorten i en 
klinisk undersökning och av dessa personer deltog 1094 i en fortsatt klinisk 
undersökning under åren 2011–2013. Information om studiedeltagarnas tidiga 
utveckling och levnadsförhållanden i barndomen erhölls från sjukhusjournaler 
och övriga hälsovårdsjournaler. Moderns viktindex baserade sig på vikt- och 
längdmätningar i slutet av graviditeten. Fysisk och psykisk funktionsförmåga 
bedömdes med hjälp av ett validerat frågeformulär under den första kliniska 
undersökningen. Definitionen för astma baserade sig på godkänd 
specialersättning för astmamediciner av Folkpensionsanstalten. 
Studiedeltagarnas glukosmetabolism evaluerades under den första kliniska 
undersökningen med hjälp av ett glukosbelastningstest. Fysisk aktivitet i 
ålderdomen mättes med en aktivitetsmätare i samband med den andra kliniska 
undersökningen. 

Vi fann samband mellan ett högre viktindex hos modern och sämre fysisk och 
psykisk funktionsduglighet samt en ökad risk för astma hos män, men inte hos 
kvinnor. Hos män som inte hade diabetes och inte var obesa var ett högre 
viktindex hos modern kopplat till en mer gynnsam glukosmetabolism. Både ett 
högre och ett lägre moderns viktindex förknippades med mindre fysisk aktivitet 
hos äldre kvinnor, medan inga samband fanns hos män. Övervikt i barndomen 



 

och i vuxen ålder hade ett samband med mindre fysisk aktivitet i ålderdomen. De 
personer som var överviktiga i barndomen, men nådde normalvikt i vuxen ålder, 
var mer fysiskt aktiva i ålderdomen än de personer som var överviktiga även i 
vuxen ålder.  

Den här avhandlingen stöder tidigare belägg på att moderns övervikt under 
graviditeten kan ha en ofördelaktig påverkan på deras barns hälsa. Avhandlingen 
bidrar med att påvisa dessa samband hos äldre vuxna. Att stöda viktkontroll hos 
unga kvinnor kan ha en fördelaktig verkan på deras barns hälsa på långsikt. 



 

Yhä useampi raskaana oleva nainen on ylipainoinen tai lihava. Tutkimuksissa on 
osoitettu, että äidin ylipaino tai lihavuus raskauden aikana on riskitekijä myös 
lapselle, sillä se voi vaikuttaa epäsuotuisasti sikiön kasvuun ja kehitykseen. 
Nykytiedon mukaan äidin lihavuus voi vaikuttaa lapsen alttiuteen sairastua 
erilaisiin kroonisiin sairauksiin myös myöhemmällä iällä. Tätä löydöstä tukee 
elämänkaarinäkökulma, jonka mukaan aikuisiän krooniset sairaudet voivat saada 
alkunsa sikiöaikana tai varhaislapsuudessa. 

Tämän väitöskirjan tarkoituksena oli tutkia äidin raskauden aikaisen 
painoindeksin yhteyttä jälkeläisen fyysiseen ja psyykkiseen toimintakykyyn 
(osatyö I), astmaan (osatyö II), ja sokeritasapainoon aikuisiällä (osatyö III) sekä 
fyysiseen aktiivisuuteen vanhuusiällä (osatyö IV). Lisäksi tarkasteltiin 
jälkikasvun ylipainon muutosta lapsuus- ja aikuisiän välillä sekä kyseisen 
muutoksen mahdollista vaikutusta fyysiseen aktiivisuuteen vanhuusiällä. 
(osatyö IV). 

Helsingin syntymäkohorttitutkimukseen kuuluu 13 345 Helsingissä vuosina 
1934–1944 syntynyttä miestä ja naista. Heistä yhteensä 2003 henkilöä osallistui 
kliinisiin tutkimuksiin vuosien 2001–2004 välisenä aikana ja edelleen heistä 1094 
henkilöä osallistui kliiniseen seurantatutkimukseen vuosien 2011–2013 aikana. 
Tiedot tutkittavien syntymästä, varhaiskasvusta ja elinolosuhteista kerättiin 
syntymä-, neuvola ja kouluterveydenhuollon rekistereistä Äidin painoindeksi 
laskettiin äidin loppuraskauden painon ja pituuden mukaan. 

Tutkittavien fyysistä ja psyykkistä toimintakykyä arvioitiin ensimmäisen 
kliinisen tutkimuksen yhteydessä kyselyllä ja sokeritasapainoa arvioitiin 
suorittamalla sokerirasituskoe. Astman esiintyvyyden määrittämiseen käytettiin 
Kansaneläkelaitoksen rekisteritietoja lääkkeiden erityskorvattavuudesta. 
Vanhuusiän fyysistä aktiivisuutta tutkittiin aktiivisuusmittarin avulla kliinisen 
seurantatutkimuksen yhteydessä.  

Äidin korkea painoindeksi oli yhteydessä matalampaan fyysiseen ja 
psyykkiseen toimintakykyyn sekä korkeampaan astman esiintyvyyteen miehillä, 
mutta ei naisilla. Jälkeläisillä, joilla ei ollut sokeritautia, äidin korkeampi 
painoindeksi oli yhteydessä suotuisampaan sokeritasapainoon etenkin miehillä, 
jotka eivät olleet lihavia. Naisilla sekä matala, että korkea äidin painoindeksi 
ennustivat vähäisempää fyysistä aktiivisuutta vanhuusiällä. Vastaavaa yhteyttä 
ei huomattu miehillä. Tutkittavan ylipaino lapsuusiässä, ja myöhäisessä 
aikuisiässä olivat yhteydessä vanhuusiän alhaisempaan fyysiseen aktiivisuuteen. 
Niillä tutkittavilla, jotka olivat ylipainoisia lapsuusiässä, normaalipainon 



 

saavuttamisella myöhäiseen aikuisikään mennessä oli suotuisa vaikutus 
vanhuusiän fyysiseen aktiivisuuteen.  

Tämän väitöskirjan tulokset lisäävät tieteellistä näyttöä siitä, että äidin 
ylipaino ja lihavuus raskauden aikana ovat yhteydessä jälkeläisen terveyteen 
myös aikuisiässä. Hedelmällisessä iässä olevien naisten painonhallintaa tulisi 
tukea tapana edistää jälkeläisten terveyttä ja ennaltaehkäistä kroonisia 
sairauksia.



 

 

The increasing prevalence of obesity is a major challenge to global health. In 
2016, two fifths of men and women were overweight and every tenth man and 
every seventh woman was obese globally [1]. Obesity is major risk factor for 
noncommunicable diseases, and it contributes to 7.1% of all-cause deaths 
globally [2, 3]. 

The increase in obesity is also observed in women of reproductive age [4]. In 
Finland, 40.6% of women in early pregnancy are overweight and 16.3% are obese 
[5]. Maternal obesity is a well-recognized risk factor for direct unfavorable 
pregnancy outcomes, such as gestational diabetes, pre-eclampsia, miscarriage 
and macrosomia [6-9]. Furthermore, multiple studies have recently focused on 
the associations of maternal obesity and offspring long-term health [10].  

The Developmental Origins of Health and Disease (DOHaD) paradigm 
proposes that environmental influences during early development, such as 
maternal obesity, may have a long-lasting impact on later health and disease [11]. 
The mechanisms underlying the association between maternal obesity and 
offspring later health seem to include developmental programming in early life 
through epigenetic processes [12]. In animal studies, maternal obesity has been 
found to alter the metabolic regulatory pathways of the fetus, including shifting 
the hypothalamic response to leptin, changing appetite control and altering beta 
cell function in the pancreas [13-16]. 

In observational studies, maternal obesity has been associated with a number 
of offspring long-term health outcomes, such as obesity, cardiovascular risk 
factors and asthma [9, 17, 18]. Most of these studies are conducted on offspring 
in childhood, adolescence or young adulthood, whereas the associations of 
maternal obesity and offspring heath in late adulthood are less studied. A birth 
cohort study in the UK showed associations between maternal obesity and all-
cause mortality and cardiovascular events in adult offspring [19]. In previous 
studies from Helsinki Birth Cohort Study (HBCS), maternal adiposity has been 
found to associate with an increase the risk of cardiovascular disease (CVD), type 
2 diabetes and a disadvantageous body composition in the offspring [20, 21]. 

The present study aims to examine associations between maternal BMI in late 
pregnancy and offspring health in late adulthood. This study is a part of HBCS, a 
cohort of 13,345 individuals who were born in Helsinki, Finland, in 1934-1944. 
The main outcomes of the studies are physical and psychological functioning 
(study I), asthma (study II), glucose tolerance in offspring without diabetes (study 
III) and physical activity at the mean age of 70 years (study IV). 



 

 

World Health Organization (WHO) defines overweight and obesity as abnormal 
or excess fat accumulation of adipose tissue that may impair health [22].  

Anthropometric measurements of obesity are used in clinical practice and 
epidemiological studies because they are non-invasive, easy to perform and 
inexpensive. Body mass index (BMI) is the most commonly used anthropometric 
measurement for overweight and obesity. The formula for calculating BMI is 
weight in kilograms divided by the square of height in meters (kg/m2). WHO 
defines normal weight in adults as BMI 18.5-24.9 kg/m2, overweight as BMI ≥25 
kg/m2 and obesity as BMI ≥30 kg/m2. Obesity can be further divided into three 
classes: class I (BMI 30.0-34.9 kg/m2), class II (BMI 35.0-39.9 kg/m2) and class III 
(BMI ≥40.0 kg/m2) [22]. However, lower BMI cutoffs for overweight and obesity 
have been proposed for Asian populations, which have a high risk of type 2 
diabetes and CVD at lower BMI levels [23]. 

Table 1 International classification of overweight and obesity in adults according to BMI based 
on WHO guidelines [22]. 

Classification BMI, kg/m2 

Underweight <18.5 
Normal weight 18.5-24.9 
Overweight ≥25.0 
Obese ≥30.0 

Obese class I 30.0-34.9 
Obese class II 35.0-39.9 
Obese class III ≥40.00 

 
Although BMI is widely used for identifying overweight and obesity, there are 
limitations to this classification. By using current BMI cutoffs, the specificity for 
diagnosing excess body fat percentage (BF%) is high, while the sensitivity is low, 
leaving half of persons with an excess BF% undiagnosed [24]. A major restriction 
to BMI is the lack of ability to distinguish lean and fat body mass [25]. In men, 
BMI correlates better with lean body mass than with BF%, while BMI in women, 
especially young women, correlates better with BF% than lean body mass [26]. 



 

 

Waist circumference and waist-to-hip ratio are other anthropometric 
measurements of adiposity. Waist circumference is used as an indicator of intra-
abdominal fat. The cutoff values for central obesity according to waist 
circumference vary by gender and ethnicity [27]. In Finland, waist circumference 
>90 cm in women and >100 cm in men are used as a cutoffs for central obesity 
[28]. Waist-to-hip ratio describes the distribution of fat mass between upper and 
lower body. Waist-to-hip ratio is calculated by dividing waist circumference by 
hip circumference. A higher waist-to-hip ratio indicates an increased risk of 
obesity-related health outcomes [29]. 

More precise, but likewise more expensive and laborious methods of 
measuring body composition include bioelectrical impedance analysis (BIA), 
dual energy X-ray absorptiometry (DXA), computed tomography (CT), 
quantitative magnetic resonance (QMR), isotope dilution method, underwater 
weighing (UWW) and air displacement plethysmography. BIA estimates body 
composition by measuring the impedance that a low energy current phases when 
traveling through the body [30]. In DXA, body composition is estimated by 
regarding the attenuation of x-rays in tissues. Similarly, CT provides three-
dimensional approximations of body composition by regarding attenuation of x-
rays in tissues [31]. The technology of QMR is based on modifying the spin-
patterns of protons in a magnetic field with radiofrequency pulses. Fat mass, lean 
mass and free water can be distinguished since they have different proton density 
[32]. In the isotope dilution method, a stable isotope is administered. After 3-4 
hours, the amount of total body water can be assessed by measuring the 
concentration of the isotope in body fluids [31]. UWW provides an assessment of 
body density. In UWW, the participant is fully submerged under water. The 
volume of water displaced by the body in combination with residual lung volume 
measurements are used to provide an assessment of body volume, which in turn 
is used to calculate body density. Air displacement plethysmography functions 
with the same principle as UWW, but uses air in a chamber instead of water in a 
tank [31]. 

Body composition is commonly expressed in BF%. Obesity based on body fat 
is generally defined as BF% ≥25 in men and  ≥35 in women [33, 34]. 

The global prevalence of overweight and obesity has increased substantially 
since the 1980s [35]. Globally in the year 2016, 39% of men and 40% of women 
were overweight and 11 % of men and 15 % of women were obese according to an 
estimation made by WHO [1]. The Global Burden of Disease (GBD) 2015 Obesity 
Collaborators estimated that in 2015, 603.7 million adults were obese worldwide 



 

 

[2]. According to the GBD, global prevalence of overweight has increased by 
27.5% between 1980 and 2013 [36] Figure 1 shows global age-standardized trends 
in overweight and obesity based on data collected by the WHO, which show an 
even higher rise in prevalence [1]. 

Figure 1  Prevalence of age-standardized overweight (BMI 25.0-29.9 kg/m2) and obesity 
(BMI≥30.0 kg/m2) in adult men and women between 1975 and 2016. 
Data source: WHO, Global Health Observatory data repository [1]  

 
There are substantial regional differences in levels and trends of overweight and 
obesity [37]. The increase in obesity started in high-income, western countries 
and the prevalence of overweight and obesity are still higher in developed 
countries compared to developing countries. However, recent data show that the 
rise has attenuated in some developed countries, while the trend of a rising 
prevalence of obesity continues in the developing world [36]. In Finland, the self-
reported prevalence of obesity has more than doubled in adults since the 1980s, 
while the prevalence of obesity in youths has tripled [38]. The prevalence of 
overweight in Finland has increased in men since the 1970s and in women since 
the 1980s according to the National FINRISK study. In 1992, 66% of Finnish men 
were overweight and 21-22% were obese and of Finnish women, 49% were 
overweight and 15-24%, depending on the region, were obese [39]. The increase 
plateaued in the beginning of the 21th century, but the prevalence has risen again 
in middle aged population during 2011-2017 [40]. In 2017, 72% of Finnish men 
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were overweight and 26% were obese and of Finnish women, 63% were 
overweight and 28% were obese. Overweight was less common in people with a 
higher education and in people living near Helsinki, the capital of Finland [41]. 

The obesity epidemic poses a major threat to global health. According to GBD 
2015 Obesity Collaborators, overweight or obesity contributed to 4.0 million 
deaths, 7.1% of all-cause deaths, and 120 million disability-adjusted life-years 
(DALYs), 4.9% of all-cause DALYs, among adults in 2015 worldwide [2].  

Obesity is major risk factor for non-communicable diseases such as type 2 
diabetes, cardiovascular disease (CVD) and most types of cancer [3, 42]. Obesity 
increases CVD both independently and by way of comorbidities, such as 
hypertension, dyslipidemia, and glucose intolerance, all of which are risk factors 
for CVD [43]. Obesity is also associated with musculoskeletal diseases, such as 
hip and knee osteoarthritis [44, 45]. Furthermore, obesity has an adverse effect 
on respiratory function, and it plays an important role in the development of 
obstructive sleep apnea and obesity hypoventilation syndrome. Asthma is also 
more common and more difficult to treat in people with obesity [46]. 

Obesity also correlates with several mental health outcomes. A longitudinal 
meta-analysis showed that obesity increased the risk of developing depression 
by 55%, while depression increased risk of developing obesity by 58% over time 
[47]. There also seems to be an association between obesity and anxiety 
disorders. The association to specific phobia has been found in several studies, 
while a few studies have reported a connection between obesity and panic 
disorders, post-traumatic stress syndrome and social phobia [48-50]. 
Additionally, obesity is related with a considerable decline in health-related 
quality of life (HRQoL), especially in the physical aspects of functioning [51, 52].  
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Table 2 Examples of diseases related to obesity 

Diseases related to obesity 

Type 2 diabetes [3] 
Cardiovascular disease and related comorbidities 

Ischemic heart disease, hypertensive heart disease, stroke, hypertension, dyslipidemia [3, 43] 
Osteoarthritis 

In knee and hip [44, 45] 
Cancer 

Site or type: Colon and rectum, esophagus (adenocarcinoma), gastric cardia, gallbladder, 
pancreas, liver, breast (postmenopausal), ovary, uterus, kidney (renal cell), meningioma, 
thyroid, multiple myeloma [42] 

Respiratory diseases 
Asthma, obesity hypoventilation syndrome, obstructive sleep apnea, chronic obstructive 
pulmonary disease, pulmonary embolism, aspiration pneumonia [46] 

Psychiatric diseases 
Depression, anxiety disorders, alcohol use disorders, personality disorders [47-50, 53] 

 

The rising prevalence of overweight and obesity greatly affects women of a 
reproductive age [4]. As described above, obesity is globally more common in 
women than in men, while overweight is almost as common in men and women 
[1]. Prevalence of obesity in women has been greater than prevalence of obesity 
in men in most regions of the world since the 1980s [37].  

In the United Kingdom (UK), a nationwide study reported trends in maternal 
obesity between 1989 and 2007. During that time period, maternal obesity during 
the first trimester of pregnancy increased from 7.6% to 15.6% [54]. Euro-Peristat 
Network, a part of European Union’s (EU) Health Monitoring Program, collects 
data from newborns and pregnant women from 31 European countries. 
According to their health report in 2015, the overall prevalence of maternal pre-
pregnancy obesity was 13.2% in a total of twelve countries, ranging from 7.8% in 
Croatia to 25.6% in Wales, UK. The prevalence of maternal overweight ranged 
from 30-50% [55]. The Finnish Institute for Health and Welfare collects 
corresponding data from pregnant women in Finland. In 2018, the mean pre-
pregnancy maternal BMI for Finnish women was 25.2 kg/m2, reaching a value >25 
kg/m2 for the first time. Of the women, 40.6% were overweight and 16.3 % were 



 

 

obese. Since 2006, maternal pre-pregnancy overweight has increased over 7% 
units and obesity over 5% units [5].  

During pregnancy, weight status is most often assessed by using the woman’s 
pre-pregnancy BMI or BMI in early pregnancy. Pre-pregnancy BMI is classified 
according to general BMI cutoffs for adults; overweight is defined as BMI ≥25 
kg/m2 and obesity as BMI ≥30 kg/m2 [22, 56]. In addition to pre-pregnancy BMI, 
weight status in pregnant women is monitored by observing gestational weight 
gain (GWG) [57]. 

The Institute of Medicine (IOM) guidelines define optimal GWG according to pre-
pregnancy BMI. The cutoffs have been established based on observational studies 
that have evaluated the associations of GWG on maternal and offspring health. 
For women with normal pre-pregnancy BMI, recommended GWG is 11.5-16.0 kg, 
for women with overweight prior to conception, recommended GWG is 7,5-11.5 
kg  and for women with pre-pregnancy obesity, recommended GWG is 5.0-9.0 kg 
[57].  

Table 3 Recommendations for total weight gain and rate of weight gain during pregnancy 
according to pre-pregnancy BMI based on IOM guidelines [57] 

Pre-pregnancy BMI Total Weight 
Gain (kg) 

Rates of Weight Gain during 2nd and 3rd 
Trimester (Mean (range) in kg/week) 

Underweight (<18.5 
kg/m2) 

12.5-18.0 0.51 (0.44-0.58) 

Normal weight (18.5-
24.9 kg/m2) 

11.5-16.0 0.42 (0.35-0.50) 

Overweight (25.0-29.9 
kg/m2) 

7,5-11.5 0.28 (0.23-0.33) 

Obese (≥ 30.0 kg/m2) 5.0-9.0 0.22 (0.17-0.27) 

 
In the U.S. in 2012-2013, fewer than a third of pregnant women met the IOM 
recommendations of GWG and 50-60% of women with pre-pregnancy overweight 
or obesity had excess GWG [58].  

Maternal glucose and lipid metabolism adapt during pregnancy in order to enable 
fetal growth and development. During the first and second trimester, maternal 
energy metabolism is characterized by an anabolic stage. An increase in energy 



 

 

intake and insulin secretion result in maternal body fat accumulation [59, 60]. 
During the last trimester, maternal energy metabolism shifts to a catabolic stage 
and increased insulin resistance, enabling transportation of energy more 
efficiently to the rapidly growing fetus [61]. 

Glucose is the primary source of energy for the fetus. In healthy conditions, 
the fetus depends on maternal glucose supply and there is little fetal 
gluconeogenesis [62]. Blood glucose travels across the placenta mainly by 
facilitated diffusion by glucose transporters [63]. Throughout pregnancy, 
maternal fasting glucose concentration declines, in part because of increased 
fetal glucose utilization [64]. 

Maternal fat accumulation in early pregnancy is due to hyperphagia and 
increased lipogenesis. In late pregnancy, lipolysis increases and the intake of 
circulating triglycerides to peripheral tissues is reduced [65]. Triglycerides mainly 
stays in maternal blood circulation and functions as an easily available energy 
reserve in the case of fasting [66]. 

Obesity in pregnancy modifies the metabolic adaptations in pregnancy. Obese 
women have a greater energy supply and a faster metabolic rate than women of 
normal weight and obesity enhances the physiological insulin resistance in late 
pregnancy [67, 68]. These circumstances may expose the fetus to excess levels of 
energy [69]. 

Overweight and obesity affect reproductive health in women already before 
conception. Women with obesity have an increased risk of infertility. Obesity is 
a risk factor particularly, although not exclusively, for infertility caused by 
ovulation disorders [70-72]. 

Maternal obesity is a risk factor for miscarriage [8]. Fetal congenital anomalies 
are more common in pregnancies complicated by maternal obesity and the risk 
increases progressively according to severity of obesity [73-75]. Maternal obesity 
and excess GWG increase the risk of macrosomia [76-78]. Moreover, maternal 
overweight and obesity are risk factors for both preterm and post-term birth [79, 
80]. 

Maternal overweight and obesity increase the risk of gestational diabetes 
mellitus (GDM) [6, 81]. GDM is defined as a varying degree of glucose intolerance 
with onset or first recognition in pregnancy [82]. GDM has increased considerably 
in prevalence during the past few decades [83, 84]. In Finland, 19.2% of pregnant 
women had GDM in 2018 [5] GDM is an independent risk factor for a number of 
adverse pregnancy outcomes and for maternal type 2 diabetes [85, 86]. 



 

 

Furthermore, essential hypertension, gestational hypertension and pre-
eclampsia are more common in pregnant women with overweight and obesity 
compared to women with normal weight in pregnancy [7, 76, 87, 88]. Gestational 
hypertension also increases with excess GWG [77]. Both maternal obesity and 
excess GWG increase the risk of caesarean sections [77, 78, 87, 89]. At the same 
time, obesity increases the risk of post-surgical wound infections and other 
complications related to cesarean sections [89, 90]. Maternal obesity also 
increases the risk of venous thromboembolism in pregnancy and during the 
postpartum period [91]. Excess GWG is associated with maternal postpartum 
weight retention, independently of pre-pregnancy BMI [57].  

Most severe outcomes of maternal obesity for the child include an increased 
risk of asphyxia-related complications, cerebral palsy, stillbirths and infant 
deaths [92-94]. As for the mother, maternal obesity, particularly severe obesity, 
increases the risk of maternal life-threatening conditions and mortality during 
childbirth [95]. 

In a nationwide study in Sweden, maternal weight gain between the first and 
second pregnancy increased the risk of pre-eclampsia, gestational hypertension, 
gestational diabetes, caesarean delivery, stillbirth and macrosomia. These 
findings support the causality between maternal obesity and adverse pregnancy 
outcomes [96]. 

Resources to reduce maternal obesity should be particularly targeted on 
weight control prior to conception, since lifestyle interventions during 
pregnancy have limited effect on pregnancy complications [97-99]. 

Table 4 Summary of acute adverse pregnancy outcomes related to maternal obesity 

Pregnancy complications related to maternal obesity 
Maternal outcomes 

GDM [6, 81] 
Gestational hypertension and pre-eclampsia [7, 76, 87, 88] 
Caesarean sections [77, 87, 89]. 
Venous thromboembolism [91] 
Miscarriage [8] 
Mortality during childbirth [95] 

Fetal and offspring outcomes 
Fetal congenital anomalies [73-75] 
Preterm and post-term birth [79, 80] 
Macrosomia [76-78] 
Asphyxia-related complications, such as cerebral palsy [93, 94] 
Stillbirths and infant deaths [92] 



 

 

The DOHaD paradigm proposes that environmental influences during early 
development may impact the individual’s later health and the risk of non-
communicable diseases later in life [11]. 

In the 1930s, Kermack et. al proposed that childhood conditions influenced later 
mortality [100]. Several decades later, in the 1960s, James Neel suggested that 
major changes in modern lifestyle, such as excess nutrition and less exercise, 
contribute to later diseases because humans lack the ability to genetically adapt 
to these situations. He proposed that some populations have evolved ‘thrifty 
genes’ that protect from famine but increase the risk of diseases in abundant 
environments [101]. There are, however, substantial limitations to this 
hypothesis. Current evidence suggest that famine was not as common in hunter-
gatherers as Neel assumed. Additionally, genome wide studies have failed to fully 
explain variation in the risk of diseases [102, 103]. 

In the 1980s and 1990s, David Barker and colleagues conducted a set of 
studies that resulted in a developmental alternative to the ‘thrifty genes’ 
hypothesis [104]. In 1986, David Barker and Clive Osmond published a 
geographical study in The Lancet that linked ischemic heart disease (IHD) to fetal 
environment. Barker et. al compared infant mortality rates in England and Wales 
in 1921-1925 with adult mortality rates in the same regions in 1968-1978. They 
found that mortality from IHD correlated geographically with infant mortality 
fifty years earlier. This finding led to the hypothesis that poor fetal nutrition 
amplified the adverse effects of an affluent diet [105]. A few years later, Barker 
et. al conducted a study to test this hypothesis. With a cohort of 5,654 men born 
in Hertfordshire, England, between 1911 and 1930, they showed that men with 
low weight at birth and at 1 year of age had a higher mortality from IHD [106]. 
These findings were soon confirmed in other populations and the Fetal Origins 
Hypothesis or the Barker Hypothesis was born. The hypothesis states that fetal 
undernutrition during critical periods of gestation induces chronic diseases in 
adult life [107]. Further research has widened the risks in early life to include, not 
only fetal undernutrition, but other adverse environmental conditions during the 
fetal period, infancy and childhood. This concept is called DOHaD [108]. 



 

 

To achieve a better understanding of the concept of DOHaD, one might consider 
some examples from experimental animal models. 

In a study of rats, pregnant rats were assigned to either a standard diet group 
or an undernourished group. Pups born to undernourished mothers had a lower 
birth weight. After birth, pups which were born to mothers in the undernourished 
group were cross fostered onto dams in the standard diet group. After weaning, 
the offspring were fed either a standard diet or a hypercaloric diet. The study 
found that offspring born to undernourished mothers had an elevated food intake 
at an early postnatal age. The hyperphagia increased further with age and was 
amplified by a hypercaloric diet. Moreover, offspring born to undernourished 
mothers showed increased risk of hyperinsulinemia, hyperleptinemia, 
hypertension and obesity [109]. Similar results have been found in studies where 
mothers were fed a low protein but otherwise an isocaloric diet [110]. 

Another example from experimental models is the fetal exposure to excess 
corticosteroids, either exogenously or endogenously through maternal stress 
[111]. Administrating glucocorticoids to pregnant rats altered gene expression in 
the offspring brain during development and resulted in changes in endocrine 
pathways, particularly in the hypothalamus-pituitary-adrenal (HPA) axis.  
Consequently, maternal glucocorticoid treatment resulted in increased risk of 
hypertension and insulin resistance and in an increased risk of postnatal stress 
in the offspring [112-115].  

An essential part of DOHaD is developmental programming, even called 
developmental imprinting or conditioning. Developmental programming refers 
to adaptions in early life, which may modify the individual’s response to later 
challenges. A basis of developmental programming is plasticity, the ability to 
change phenotype based on environmental clues [11]. Environmental influences 
during early life serve as clues for the later postnatal environment. Alteration of 
phenotype based on these clues in order to achieve a future advantage is called 
predictive adapting response. If the prediction is fulfilled and later environment 
turns out to be as expected, the phenotypic alterations have most likely been 
favorable. However, if later environment does not meet the prediction, predictive 
adaptive responses may lead to adverse health outcomes [116]. In the present-
day environment, a limited nutrition in early life may result in a mismatch 
between predicted and true later conditions, since diet has globally become 
increasingly rich in energy [117]. 



 

 

Epigenetic remodeling has emerged as an important mechanism of 
developmental plasticity. Epigenetic processes alter tissue-specific gene 
expression without changing the deoxyribonucleic acid (DNA) sequence. 
Examples of epigenetic mechanisms include changes in DNA methylations, 
histone modification and post-transcriptional control by micro-ribonucleic acid 
(miRNA) [118]. As an example, in studies on the Dutch Famine (1944-1945) 
cohort, participants who were exposed to prenatal famine were found to have 
persistent DNA methylation changes in genes connected with growth and 
metabolic diseases six decades after exposure compared to their unexposed 
same-sex siblings. The associations were dependent of the gestational timing of 
the exposure. These findings suggest that epigenetic modifications may occur at 
specific time windows during development and that they may, at least in some 
cases, be persistent [119, 120]. Furthermore, evidence suggest that epigenetic 
changes may be transmitted over several generations [121]. 

Relatively recently, the concept of DOHaD has been found to apply in situations 
where the individual is exposed to excessive nutritional environment in early life. 
This realization has increased the interest in maternal obesity as a predictor of 
offspring later disease [12]. Maternal obesity has been associated with several 
offspring long-term health outcomes, which will be discussed in the next chapter 
[10].  

In evolutionary history, maternal nutrition has rarely been excessive and 
there has been little evolutionary pressure to develop mechanisms that shield the 
offspring from maternal obesity [122]. As described in chapter 1.2.3, maternal 
metabolism is adapted during pregnancy to optimize fetal growth [66, 69]. 
Adiposity in infants may function as a reserve of energy that enables sufficient 
transfer of energy to the brain in case of energy limiting events, such as a 
gastrointestinal disease or insufficient maternal care [123]. Consequently, 
processes to shield the fetus from undernutrition, but not overnutrition, may 
have been evolutionarily favored. 

The mechanisms behind the associations of maternal obesity and offspring 
later health are likely to be multifactorial and to include environmental factors, 
genetic predisposition and developmental programming in early life [124]. The 
role of developmental programming has been supported by a study on Pima 
Indians. The study showed that the risk of offspring diabetes was higher in 
siblings born after the mother developed diabetes compared to the siblings who 
were born before the mother was diagnosed with diabetes [125]. In another study, 
children born after substantial maternal weight loss due to bariatric surgery had 



 

 

a lower risk of obesity and adverse cardiovascular effects than children who were 
born before the surgery. The prevalence of overweight and obesity in children 
who were born after maternal weight loss was similar to general population levels 
[126, 127]. Furthermore, a study that supports the mediating effect of 
developmental programming used paternal obesity as a negative control. In the 
study, maternal obesity was linked to more offspring DNA methylations in genes 
connected with obesity in comparison to paternal obesity [128]. 

The pathways of maternal obesity and developmental programming are likely 
to be complex and to include adaptions in metabolic, hormonal, physiological, 
inflammatory and behavioral pathways [124]. Examples of these pathways are 
described below and illustrated in figure 2. 

Maternal obesity has been found to change the placental morphology in 
baboons [129]. In sheep, maternal obesity has been associated with an 
upregulation of placental inflammatory signaling pathways and with an 
increased expression of placental fatty acid transporters, that resulted in higher 
fetal triglyceride, free fatty acid and cholesterol blood levels [130, 131]. 

In rats, overnutrition during the suckling period leads to epigenetic 
remodulation of genes involved in insulin signaling pathways in the skeletal 
muscle and contributes to later development of insulin resistance [132]. In the 
liver, maternal obesity resulted in changes in insulin, glucose and lipid 
metabolism, especially in male offspring [133]. In a study on altered pancreatic 
function in sheep, maternal obesity resulted in an increase in fetal pancreatic 
weight and beta-cell proliferation in mid gestation [13]. However, in the same 
obese sheep model, maternal obesity that continued in late gestation was 
associated with a reduction in pancreatic weight and an accelerated apoptosis of 
beta-cells, which in turn predisposed to later glucose intolerance [14]. 

Maternal high fat diet in mice modified offspring gene expression of 
dopamine- and opioid-related genes and changed offspring feeding behavior by 
increasing the consumption of palatable foods [16]. Another behavioral pathway 
may be mediated by leptin, a hormone that reduces body fat by decreasing food 
intake and by inducing exercise. Leptin is secreted by adipocytes and acts mainly 
on the hypothalamus [134]. During fetal development, a leptin surge may be 
involved in the development of energy regulating circuits in the hypothalamus 
[135]. However, maternal overnutrition may impair this developmental pathway 
resulting in a lower hypothalamic response to leptin and thus changing appetite 
control [15, 136]. As mentioned previously, a neonatal undernourishment in rats 
may likewise result in a hyperleptinemia [109]. In rats born to undernourished 
mothers, a neonatal leptin treatment has been found to reverse metabolic 
programming and to normalize caloric intake, locomotor activity, body 
composition, glucose metabolism and leptin concentrations [137]. 



 

 

Maternal obesity may be a physiological and social stressor for women during 
pregnancy. As described previously, maternal stress increases fetal exposure to 
excess glucocorticoids, which may result in programming of the HPA-axis and 
other hormonal pathways in the fetus [111].  

Maternal high fat dietary intake has been associated with changes in offspring 
inflammatory responses, including changes in lymphocyte counts, antigen-
specific immune reactions and cytokine levels [138, 139]. In a study on mice, 
maternal high fat diet was associated with an upregulation of inflammatory 
pathways, hyperleptinemia and changes in lung development, including a lower 
lung weight to body weight ratio and a reduced number of alveoli. As adults, these 
mice showed an impaired respiratory function [140]. Furthermore, a dysbiotic gut 
microbiome has been suggested to relate to later metabolic and inflammatory 
conditions and a maternal high fat diet has been associated with changes in 
offspring gut microbiome in macaques [141, 142]. Evidence from a study on mice 
suggest that maternal high-fiber diet may alter the offspring gut microbiome in 
a way that reduces development of asthma [143].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 

Figure 2 Pathways of maternal obesity and developmental programming 

 
 

Sex differences are common in studies focusing on developmental programming, 
indicating that male and female fetuses respond differently to environmental 
influences. Although the reasons for these sex differences are not yet fully 
understood, several underlying mechanisms have been suggested.  
 [144, 145]. 

Sex hormones may affect susceptibility to developmental programming. 
Estradiol may have a protective role against metabolic and neuronal changes due 
to overnutrition during fetal development [146].  



 

 

Epigenetic modifications during fetal development, both DNA methylation 
and histone modification, differ in male and female offspring [147, 148]. Sex 
hormones may be a mediating factor for these differences, as DNA 
methyltransferase enzymes are downregulated by the female sex hormone 
progesterone [149]. 

Male fetuses have a smaller, but more efficient placenta in proportion to their 
body size. Male placentas may thus have less reserve to protect the fetus from 
environmental changes [150]. In rodents, maternal obesity has been found to 
increase placental inflammation and placental morphologic changes in male 
more than in female offspring [151]. 

As described in the preceding chapter, leptin concentrations during early 
development have been suggested as a pathway for developmental programming 
of metabolic diseases. Experimental studies have found that changes in leptin 
concentrations have sexually dimorphic effects on the hypothalamus [152]. 

A number of observational studies have found that maternal obesity is associated 
with adverse offspring long-term health outcomes [10]. Offspring long-term 
health outcomes related to maternal obesity are summarized in table 5. 

The most studied outcome in observational studies on children is childhood 
obesity. Both a high maternal pre-pregnancy BMI and an excessive GWG are 
associated with offspring childhood overweight and obesity. A meta-analysis of 
four studies showed that children born to mothers with pre-pregnancy obesity 
had a three-fold risk of childhood overweight compared to children with normal 
weight mothers prior to pregnancy [9]. The link between GWG and offspring 
childhood overweight and obesity was reported in three different meta-analyses 
in 2013-2014. An excessive GWG increased the risk of childhood overweight or 
obesity by approximately 30-40% [153-155]. In 2019, Voerman et al. conducted 
an individual participant data meta-analysis considering the severity of maternal 
obesity as well as the combined effect of maternal pre-pregnancy obesity and 
GWG. The meta-analysis showed that the risk of offspring childhood obesity 
increased progressively according to the severity of maternal obesity. The effects 
were not restricted to extremes of maternal BMI, but the association persisted 



 

 

across the whole maternal BMI range. In women with pre-pregnancy overweight 
or obesity, excess GWG had only little additional effect on offspring childhood 
obesity [156]. Furthermore, in 2019, Hu et. al showed that maternal pre-
pregnancy BMI, excessive GWG and GDM were all independently and additively 
associated with offspring obesity at age four regardless of ethnicity [157].  

Further, maternal obesity has been associated with offspring body 
composition and other cardiovascular risk factors, such as an increased blood 
pressure, adverse lipid profiles and insulin resistance in the offspring in 
childhood. Some of these associations may be mediated by offspring childhood 
BMI. Gaillard et al. conducted in 2014 a study on the effect of parental obesity on 
body composition and cardiovascular risk factors in children at age six. They 
found that, compared to paternal obesity, maternal obesity was more strongly 
associated with childhood BMI. Similar results were found for total body fat mass, 
android/gynoid fat mass distribution and abdominal subcutaneous and 
preperitoneal fat mass. However, only the association between maternal obesity 
and total body fat mass remained significant after adjustment for childhood BMI. 
They also found that maternal obesity was associated with elevated childhood 
systolic blood pressure and with a clustered measurement of cardiometabolic risk 
factors [17]. Moreover, in 2015, Gaillard et. al studied how maternal GWG in 
different periods in pregnancy associated with cardiometabolic outcomes in 
children. Overall, they found that maternal pre-pregnancy obesity was better at 
predicting cardiovascular outcomes in offspring compared to excessive GWG. 
Higher maternal GWG, especially in early pregnancy, was associated with higher 
childhood BMI, total fat mass, abdominal fat mass, android/gynoid fat ratio and 
systolic blood pressure. The associations were at least partly mediated by 
childhood BMI [158]. Other research groups report similar results. Both maternal 
and paternal obesity have been linked to elevated systolic blood pressure in 
children [159]. In a study conducted in the Netherlands in 2014, maternal BMI 
was associated with higher body mass, systolic blood pressure and overall 
metabolic score in early childhood. In this study, no evidence for the mediating 
impact of postnatal growth was found [160]. Perng et al. reported that maternal 
pre-pregnancy BMI was associated with higher levels of high-sensitivity C-
reactive protein (hs-CRP), leptin and interleukin-6, as well as an increased 
systolic blood pressure and insulin resistance. In this study, however, the 
associations were attenuated when adjusting for childhood total body fat mass 
[161].  

Corresponding results are found in studies on maternal obesity and 
cardiovascular outcomes in adolescent and young adult offspring. Studies have 
reported associations between maternal pre-pregnancy obesity and excessive 
GWG and obesity in offspring in adolescence and young adulthood [162, 163]. A 



 

 

birth cohort study of 1440 young adults born in Jerusalem showed that maternal 
pre-pregnancy BMI was independently associated with offspring BMI, waist 
circumference, systolic and diastolic blood pressure insulin concentrations, 
triglyceride concentrations and a lower high-density lipoprotein (HDL)-
concentration. Further, GWG was, independent of maternal pre-pregnancy BMI, 
associated with offspring BMI, waist circumference and triglycerides. The 
associations were mostly mediated by offspring BMI [164]. In 2018, Kaseva et. al 
studied the associations of maternal pre-pregnancy BMI and GDM on offspring 
cardiovascular outcomes in two longitudinal birth cohorts that included young 
adults. The main finding was that maternal pre-pregnancy BMI was associated 
with higher BMI, waist circumference, fat mass and fat percentage in the 
offspring. Further, GDM was associated with higher waist circumference in 
female offspring, fat mass in men and fat percentage in men and women. The 
greatest impact on offspring adiposity was found in offspring to mothers who 
were obese and diagnosed with GDM [165]. 

Findings from recent animal studies have led to the hypothesis that the increase 
in prevalence of allergic and atopic diseases may in part be mediated by diet 
induced changes in gut microbiome and increased inflammatory environment in 
early life [143, 166]. A meta-analysis of fourteen observational human studies, 
including 108,321 participants, reported that maternal obesity during pregnancy 
increased the risk of asthma or wheeze in offspring aged 14 months to 16 years. 
Information about GWG was only available in five of the studies, and GWG was 
associated with asthma or wheeze ever but not with current asthma or wheeze in 
the offspring [18]. Moreover, a pooled data from fourteen European birth cohorts, 
including 85,509 subjects, showed associations between maternal pre-eclampsia, 
pre-pregnancy overweight and obesity and offspring wheezing from birth up to 
12 or 24 months of age [167]. A study based on the Danish National Birth Cohort 
focused on the impact of maternal pre-pregnancy BMI and GWG on asthma, 
wheezing, atopic eczema and hay fever in offspring up to seven years of age. 
Maternal pre-pregnancy BMI and GWG were associated with asthma and wheeze 
in the offspring independent of offspring BMI, especially in non-atopic offspring. 
However, there was no association between maternal BMI or GWG and atopic 
eczema nor hay fever in the offspring [168]. Comparable results were found in a 
Swedish birth cohort study. Maternal BMI was positively associated with the risk 
of asthma in offspring up to age 16, but not with rhinitis, atopic eczema or 
sensitization [169]. Additionally, a recent longitudinal study from the United 



 

 

States (US) showed no association between maternal pre-pregnancy BMI and 
atopic eczema in the offspring but, in contrast, a positive association between 
GWG and atopic eczema in offspring [170]. 

Observational studies suggest that maternal obesity may also impact offspring 
cognitive function, mental health and lifestyle related behavior [171]. 

In cohort studies, maternal obesity has been associated with both 
internalizing symptoms, such as withdrawal, depression and anxiety, and with 
externalizing symptoms, such as aggressive behavior, in offspring in childhood 
and adolescence [172-174]. In a follow-up study, the association between 
maternal obesity and internalizing symptoms in the offspring increased in 
strength over time from 8 years of age to 17 years of age [172]. 

Maternal pre-pregnancy obesity has been shown to associate with lower 
cognitive function in the child in several studies [175-178]. Two of the studies 
used paternal BMI as a negative control, one of them found no association 
between paternal BMI and offspring cognitive function, while the other study 
found that maternal and paternal BMI had similar associations with offspring 
intelligence [176, 178]. However, a study based on two European cohorts showed 
no consistent associations between maternal pre-pregnancy BMI and offspring 
cognitive function [179]. 

A meta-analysis of five studies suggests that maternal obesity is associated 
with offspring Autism spectrum disorders [180]. Moreover, in a longitudinal 
follow-up study, children to mothers with severe pre-pregnancy obesity (obesity 
class II or III) had an increased risk of adverse psychosocial outcomes, including 
Autism spectrum disorders, attention-deficit hyperactivity disorder (ADHD) 
diagnosis and emotional symptoms [181]. In a population-based cohort study 
with over 600,000 participants, maternal pre-pregnancy obesity was associated 
with ADHD in the offspring. However, the association was lost in a sibling 
comparison analysis, indicating that unidentified familial confounders may 
contribute to the risk of ADHD [182].  

There are some observational studies on the association of maternal obesity 
and offspring lifestyle related behaviors, mainly physical activity. A cohort study 
on 3-4-year-old children found a lower physical activity and higher levels of 
sedentary behavior in children with higher maternal BMI, while paternal BMI did 
not affect the results [183]. Another study showed associations between parental 
BMI and increased sedentary behavior in children, but no association with 
physical activity [184]. Conflicting results were found in a study that showed no 
association between parental BMI and physical activity in children [185]. 



 

 

Furthermore, Wasenius et. al reported a negative sex-dependent association 
between gestational weight gain (GWG) and objectively measured physical 
activity in offspring in childhood [186]. 

Likewise, animal studies on the impact of maternal obesity on offspring 
physical activity report mixed results. A study of mice found an association 
between maternal high-fat diet and general home-cage activity in the offspring, 
while a cross-fostering study on mice found decreased physical activity only in 
females born to obese mothers [187, 188]. Both maternal undernutrition and 
maternal high-fat diet in rats reduced voluntary physical activity in male 
offspring but was associated with higher physical activity in female offspring 
[189]. 

While increasing evidence on the associations of maternal obesity and offspring 
health in childhood, adolescence and young adulthood are emerging, there are 
less observational studies on the associations of maternal obesity on offspring 
health in late adulthood. 

In the UK, Reynolds et al. studied the associations of maternal obesity in 
pregnancy and cardiovascular events and mortality in adult offspring. The cohort 
included 37,709 individuals aged 34-61 years. They found an association between 
maternal obesity and both cardiovascular events and all-cause mortality in adult 
offspring [19]. 

There are previous studies on maternal adiposity and offspring health from 
HBCS. In 2014, Eriksson et. al studied the association between maternal BMI and 
all-cause mortality, cancer mortality and incidence, cardiovascular morbidity 
and mortality and type 2 diabetes. Maternal BMI was associated with CVD and 
type 2 diabetes. The association with type 2 diabetes was stronger in women [20]. 
Further, Eriksson et. al conducted a study on maternal BMI and offspring body 
composition. Maternal BMI was associated with higher offspring adulthood BMI, 
lean body mass, body fat and, in women, a higher body fat percentage. There was 
an interaction between maternal BMI and offspring birth weight on offspring 
body fat percentage. In contrast, maternal BMI was not associated with offspring 
blood pressure, fasting glucose, insulin concentration, blood lipids, 
inflammatory markers or adipocytokines [21]. 

 
 
 
 



 

 

Table 5 Summary of offspring health outcomes related to maternal obesity 

Offspring health outcomes associated 
with maternal obesity 

Childhood Adolescence 
or young 
adulthood 

Late 
adulthood 

Body composition    
Higher BMI, overweight, obesity • [9, 156, 157] • [160, 162, 163, 

165] 
• [21] 

Waist circumference  • [164, 165]   
Fat mass • [17] • [164, 165] • [21] 

Cardiometabolic outcomes    
Elevated blood pressure, hypertension • [17, 160, 161] • [164]  
Adverse lipid profile  • [164]  
Insulin concentrations • [161] • [164]  
Diabetes   • [20] 
Cardiovascular events and mortality   • [19, 20] 

Allergic and atopic disease    
Asthma or wheeze • [18, 167-169] • [18]  

Neurocognitive and behavioral    
Internalizing symptoms (e.g., 
withdrawal, depression and anxiety) 

• [172, 173] • [172]  

Externalizing symptoms (e.g., 
aggression) 

• [172-174] • [172]  

Lower cognitive function • [175-178]   
Autism spectrum disorder • [180, 181] • [180]  
ADHD • [182]   
Physical inactivity, sedentary behavior • [183, 184]   

 
The remaining chapters of this review will focus on the main outcomes of this 
thesis: physical and psychosocial functioning in late adulthood, physical activity 
in older adults, glucose metabolism in non-diabetic adults and asthma in 
adulthood. 

Functioning has been defined by several models. In 1994, Verbrugge and Jette 
presented a sociomedical model of disability, called The Disablement Process. 
They defined functional limitations as restrictions to perform physical and 
psychosocial actions in daily life [190]. 

In 2001, WHO published the International Classification of Functioning, 
Disability and Health (ICF). The main aim of ICF is to provide a universal 
structure for the description of health and health-related states. ICF can be 



 

 

divided into four components as follows: 1) body functions and structure, 
including both physiological and psychological aspects of the body 2) activities 
and participation 3) environmental factors, including the physical, social and 
attitudinal environment in which a person lives and 4) personal factors, including 
age, gender, health conditions, lifestyle and so on. ICF defines functioning as an 
umbrella term for all body functions, activities and participation [191]. While ICF 
provides a detailed model of assessing functioning and health, more practical 
tools are needed to apply ICF in clinical practice [192]. 

Functioning has been closely integrated with HRQoL [193]. In analogous with 
functioning, HRQoL can be defined in several different ways. One definition of 
HRQoL is based on a person’s ability to function in their life and the person’s 
perception of his or her physical, mental and social wellbeing [194]. 

Risk factors for impaired health functioning include obesity, lower 
socioeconomic status (SES) , increased age and noncommunicable diseases. A 
systematic review of eight cross-sectional studies showed a dose-dependent 
association between BMI and poor physical functioning. Psychosocial 
functioning was, however, only reduced in class III obese [195]. Similarly, 
longitudinal studies show associations between BMI and physical functioning, 
while findings on psychosocial functioning vary [196-198].  

Both low childhood SES and adulthood SES are associated with impaired 
physical, mental and cognitive well-being [199]. Economic difficulties, in 
childhood and adulthood, have also been identified as risk factors for impaired 
functioning [200]. In a recent European cohort study in elderly, risk factors for 
poor functioning and HRQoL included older age, male sex, poor education, 
psychiatric diagnoses and longstanding somatic illnesses [201]. 

Previously in HBCS, early life stress has been found to increase the risk of poor 
physical and psychosocial functioning in men, but not in women [202]. Low birth 
weight, especially in combination with either a low or high BMI in childhood, was 
also found to be associated with poorer physical functioning [203]. 

Functioning can be measured in different ways, including clinical assessment of 
specific impairments, self-report measures and physical performance measures. 
Impairment measures are clinical evaluations of dysfunction of specific body 
parts or systems. While impairments can contribute to a limited functioning, the 
findings of impairments do not always correlate with loss of functionality. 



 

 

Physical performance tests provide objective data of physical performance, but 
they describe only one aspect of functioning. Self-report measurements are 
common methods of assessing functioning. There are a wide range of tools for 
self-assessment of functioning. However, self-reported measures are subjective 
and they may not always correlate with physical performance tests [204]. 

Self-reported measurements of functioning are mainly based on validated 
questionnaires. One of the most commonly used questionnaire for functioning 
and HRQoL is the RAND 36-Item Health Survey 1.0 (Short Form 36 (SF-36)) [205]. 
SF-36 consists of 36 items that have been chosen from a larger pool of questions 
used in the RAND Medical Outcomes Study. The items are divided into eight 
different multi-item scales: physical functioning, role limitations caused by 
physical health problems, pain, general health perception, social functioning, 
role limitations caused by emotional problems, emotional wellbeing and 
energy/fatigue [206]. SF-36 is regarded as a valid tool for assessing health 
perception and functioning in adults of all ages, including older adults [207-209]. 
SF-36 has been translated into Finnish and the Finnish validated version of SF-
36 has been found to accurately assess HRQoL in the Finnish general population 
[210, 211]. Detailed measures of physical and psychosocial functioning in the 
present study are described in chapter 3.3.2. 

Physical activity can be defined as ‘any bodily movements produced by skeletal 
muscles that result in energy expenditure’ [212].  

According to an estimation by WHO, physical inactivity is the fourth leading 
cause of mortality globally, causing 6% of all deaths [213]. Physical activity is 
inversely associated with type 2 diabetes, CVD, cancers such as colon and breast 
cancer, all-cause and cardiovascular mortality [214-219]. Moderate and vigorous 
physical activity has the most beneficial effect on mortality, although older 
adults also benefit from regular low-intensity physical activity [220]. 
Furthermore, in older adults, physical activity reduces the risk of functional 
limitations and improves cognitive function in, which in turn improves 
independence and quality of life [221-225]. A 3-year longitudinal study of older 
adults showed that a decline in muscle mass, strength, power and physical 
performance increased fear of falling, while declines in muscle mass and physical 
performance were associated with poorer quality of life [226]. 

In 2007, the American College of Sports Medicine and the American Heart 
Association published recommendations for the type and amount of physical 
activity to improve and maintain health in older adults. The recommendations 



 

 

highlighted the importance of increasing aerobic activities of moderate intensity, 
reducing sedentary behavior, increasing muscle-strengthening activity and 
activities that improve risk management, such as balance exercise in older adults 
that have a high risk of falls [227]. Similar recommendations were published by 
WHO in 2011. The recommended amount of physical activity in older adults was 
at least 150 minutes of moderate intensity aerobic physical activity or at least 75 
minutes of vigorous intensity aerobic physical activity or an equivalent 
combination of the two [228]. 

Despite widely recognized health benefits, over a quarter of adults globally are 
insufficiently physically active [229]. The percentage of older adults who meet 
the recommendations for physical activity vary largely between studies, most 
studies report 20-60% [230]. 

So why are some people physically active while others are not? Known 
correlates of physical activity in adults include health status, self-efficacy, 
previous PA, age (inversely), male sex, obesity, social and physical environmental 
factors and genetic factors [231]. Physical activity declines progressively with 
age. Older aged individuals report engaging less in physical activity due to poorer 
health [232]. At the same time, physical activity is important for maintaining 
health at older age [221-223]. The causality between obesity and physical activity 
may likewise be bidirectional. Physical inactivity has, in cross sectional study 
designs, been thought to predict overweight and obesity [233]. However, exercise 
interventions, both alone and in combination with diet interventions, have had 
only modest effects on weight management [234, 235]. In longitudinal studies, 
obesity and weight gain have been associated with lower physical activity and 
more sedentary time [236-243]. A possible explanation for the association is that 
obesity increases the energy expenditure required to complete a certain activity 
and may cause increased discomfort, such as musculoskeletal pain and dyspnea 
which consequently results in a decreased amount of physical activity [244-246]. 

Early environmental influences, such as maternal undernutrition, are 
emerging as potential risk factors for later offspring physical inactivity [247, 248]. 
Existing studies on maternal obesity and offspring physical activity are described 
in chapter 1.4.3.  

PA can be measured either subjectively by self-reporting or by objective methods. 
Both of these methods have strengths and limitations. 



 

 

Subjective measurement of physical activity is often done either by questionnaire 
or by a diary, which can be filled by the study participants or recalled in an 
interview. Self-reported measurements are cost-effective and easy to implement, 
which makes them suitable for large epidemiological studies [249]. 
Questionnaires have a good accuracy for vigorous intensity physical activity, 
while they are less accurate in estimating light to moderate intensity physical 
activity [250, 251].  

Methods for objectively measuring energy expenditure can be divided into 
direct calorimetric methods, i.e. measuring heat loss with a calorimeter, indirect 
calorimetric methods, i.e. estimating energy expenditure by determining the 
participants oxygen consumption and/or carbon dioxide production, and non-
calorimetric methods, i.e. using other physiological measurements to predict 
energy expenditure [252].  

An indirect calorimetric method for measuring carbon dioxide production in 
free living individuals is the doubly labelled water method. In this method, 
participants drink a known amount of water enriched with 2H and 18O isotopes. 
2H is eliminated from the body only as water, while 18O is eliminated as water and 
carbon dioxide. Carbon dioxide production can thus be calculated by monitoring 
the amount of isotopes in blood, saliva and urine over 1-3 weeks [253]. This 
method is, nonetheless, costly and complicated, and therefore not suitable for 
evaluating physical activity in epidemiological studies [254]. 

 More suitable methods for measuring physical activity objectively are non-
calorimetric methods such as accelerometers, pedometers and heart rate 
monitors. An accelerometer is usually worn on the wrist, hip, thigh or ankle and 
it measures acceleration, not speed [255]. A pedometer measures steps and it is 
used to predict walking distance over a specific time period. Pedometers are more 
accurate at higher walking speeds [256]. Heart rate monitors are based on the fact 
that heart rate increases during exercise. A limitation to heart rate monitors is 
that they cannot distinguish between increased heart rate due to exercise or due 
to other reasons, such as stress or drinking coffee [257]. Additionally, several 
different methods may be combined to achieve more accurate activity 
monitoring devices [258, 259]. 

Data retrieved from questionnaire, diary or objective measurements can be 
transferred to metabolic equivalent of task (MET) which is a measurement of 
energy expenditure. MET is the ratio of metabolic rate during exercise to 
metabolic rate at rest and one MET is roughly equivalent to energy expenditure 
of 1 kcal per kilogram of body weight in an hour. MET can be used to classify 
physical activity according to intensity. MET for moderate intensity activity 
ranges from 3.0 to 5.9, and ≥6 MET is regarded as high intensity activity [260, 
261]. 



 

 

Plasma glucose concentration is an outcome of the rate of glucose entering the 
circulation and the rate of glucose removed from the circulation. Glucose 
circulating in the blood is derived from food intake, glycogenolysis and 
gluconeogenesis. Glycogenolysis is the breakdown of glycogen to glucose in the 
liver and glycogen is a polymerized storage form of glucose. Gluconeogenesis is 
the production of glucose from lactate and amino acids in the liver during fasting 
state. Glucose that exits blood circulation is used either as an energy resource for 
cell functions or it is stored as glycogen, mainly in the skeletal muscle or liver. 

Glucose metabolism is regulated by a number of hormones. Insulin is the 
main hormone responsible for regulating glucose uptake from the circulation, 
and glucagon is a key hormone for regulating intake of glucose to the circulation. 
Insulin is produced by pancreatic beta cells and it acts primarily by increasing 
glucose uptake in peripheral tissues, mainly skeletal muscle [262]. 

Diabetes mellitus, commonly named diabetes, is defined as a chronic, metabolic 
disease of multiple etiology that is characterized by hyperglycemia. 
Hyperglycemia can be caused by an absence of insulin, a reduction of response 
to insulin or the combination of both. Insulin resistance can be defined as a 
failure of target tissues to increase glucose disposal in response to insulin. In type 
2 diabetes, the most common type of diabetes, insulin resistance is one of the 
main mechanisms underlying hyperglycemia [263]. Common symptoms of 
diabetes are polyuria, polydipsia, constant hunger, weight loss, vision changes, 
and fatigue. In type 2 diabetes, symptoms are, however, often lacking or subtle. 
The treatment goals of type 2 diabetes include a good control of glycemia and 
cardiovascular risk factors, a delay or prevention of comorbidities and 
maintaining a good quality of life. The basis of managing hyperglycemia in type 
2 diabetes includes lifestyle management, glucose-lowering medication and drug 
and surgical management of obesity [264]. 

Diabetes is diagnosed by identifying hyperglycemia. Plasma glucose levels 
can be described with fasting glucose concentration, glucose concentration after 
an oral glucose tolerance test (OGTT) or by a more long-term measurement of 
glucose levels, glycated hemoglobin (HbA1c). OGTT is used to measure the 
participant’s ability to handle a glucose load. On the day of the test, the 
participant arrives in a fasting state and a baseline sample is drawn to measure 



 

 

fasting plasma glucose concentration (FPG). After that, the participant drinks a 
glucose liquid, normally containing 75 g of glucose for adults. Throughout the 
test, the participant should remain inactive and fasting, except for drinking the 
glucose liquid. The number of samples and the duration of the test varies [265]. 
HbA1c in turn is formed by a non-enzymatic attachment of glucose to 
hemoglobin. HbA1c  reflects plasma glucose levels during the past 8-12 weeks 
[266].  

The current diagnostic criteria for diabetes are based on any of the following 
findings: FPG ≥7.0 mmol/l, two-hour plasma glucose concentration  during a 75 
g OGTT >11 mmol/l, a random plasma glucose concentration >11 mmol/l  or 
HbA1c ≥48 mmol/mol. Diagnosis needs to be confirmed with a second 
measurement at another day if the first measurement is a FPG or a two-hour 
plasma glucose concentration (2hPG) and the patient does not have clear 
symptoms of diabetes [267, 268]. Impaired glucose tolerance (IGT) is a 
postprandial plasma glucose concentration that is higher than normal but does 
not meet the criteria for diabetes. The WHO criteria for IGT is a two-hour plasma 
glucose 7.8-11.0 mmol/l. Impaired fasting glucose (IFG) is defined by WHO as a 
fasting glucose concentration 6.1 to 6.9 mmol/l [268]. The American Diabetes 
Association (ADA) has in turn proposed that the lower limit of IFG should be 
lowered to 5.6 mmol/l [269]. Table 6 shows diagnostic values of plasma glucose 
concentration and HbA1c for IGT, IFG and diabetes. 

Table 6 Classification of normal and impaired glucose metabolism [267-269] 

 Normal IGT IFG Diabetes 
FPG ≤6.0 mmol/l 

(WHO) ≤5.5 
mmol/l 
(ADA) 

 6.1-6.9 
mmol/l 
(WHO) 
5.6-6.9 
mmol/l 
(ADA) 
 

≥7.0 mmol/l 

2hPG  <7.8 mmol/l 7.8-11.0 
mmol/l 

 >11 mmol/l 

A random plasma glucose 
concentration  

   >11 mmol/l 

HbA1c  <42 mmol/l 
or 6.0% 
 

  ≥48 
mmol/mol 
or 6,5% 

 
Diabetes, especially type 2 diabetes, has increased in prevalence globally, 
reaching 422 million cases in 2014, 9.0% in men and 7.9% in women. Since the 
1980s, the global prevalence of diabetes has doubled in men and increased by 
60% in women. The burden and prevalence of diabetes has increased most in 



 

 

developing countries and is now highest in the Oceania, the Middle East and 
north Africa [270]. In Finland, it is estimated that 15% of men and 10% of women 
aged ≥30 years have diabetes [41].  

Diabetes is a major cause of mortality globally [271]. According to a meta-
analysis of 102 prospective studies, diabetes increases the risk of heart attacks 
and strokes two- to three-fold. About 10% of vascular deaths in developed 
countries were attributable to diabetes in adults, corresponding to an estimate of 
325,000 deaths per year in developed countries [272]. Other complications of 
diabetes include kidney failure, neuropathy and limb amputations and diabetic 
retinopathy [273-275]. 

Changes in glucose concentrations, insulin sensitivity, and insulin secretion 
are strong predictors for developing diabetes in the future [276]. In addition, IGT 
and IFG are independent predictors of peripheral neuropathy and CVDs [272, 
277, 278]. 

Risk factors for an impaired glucose metabolism and type 2 diabetes include 
genetic predisposition, lifestyle choices and environmental factors. Obesity has 
been identified as a major risk factors for diabetes [279]. Type 2 diabetes increases 
with age and it is slightly more common in men [270, 280]. Family history of 
diabetes increases the risk of type 2 diabetes two-fold if one of the parents has 
type 2 diabetes and five-fold if both parents have type 2 diabetes [281]. Lifestyle 
choices that are associated with type 2 diabetes include a sedentary lifestyle, 
physical inactivity, a diet rich in saturated fatty acids and low in fiber, excessive 
alcohol consumption and smoking [282-285]. Comorbidities that predict the 
development of type 2 diabetes include a history of GDM, CVD, hypertension, 
dyslipidemia, depression and polycystic ovary syndrome [85, 271, 286, 287]. 

Additionally, early life effects, including a low and high birth weight, early life 
stress and maternal obesity, have been identified as risk factors for an altered 
glucose metabolism and type 2 diabetes [17, 20, 286, 288]. Previous studies on 
the association between maternal obesity and offspring glucose metabolism are 
presented in chapter 1.4.1. 

 
 



 

 

The Global Initiative of Asthma defines asthma as a heterogeneous disease 
usually characterized by chronic airway inflammation and defined by a history of 
respiratory symptoms together with expiratory airflow limitation, both of which 
vary in intensity and over time [289]. The basis of asthma diagnosis includes 
identifying both a typical pattern of recurrent symptoms, such as cough, 
wheezing and shortness of breath, and a variable expiratory airflow limitation 
[290]. The goals of asthma management include good symptom control and 
reducing future exacerbations. Asthma treatment is divided into controller 
medication, mainly inhaled corticosteroids, reliever medications for as needed 
relief of symptoms, and add-on therapies [289].  

The estimations of asthma prevalence vary largely between populations due 
to a heterogeneity of asthma definitions in epidemiological studies [291]. 
Globally, the prevalence of clinical asthma in adults ranges from 1% to 22% 
between countries [292]. Data from the GBD Study 2015 show that 358.2 million 
individuals suffered from asthma in 2015 and that asthma prevalence increased 
by 12.6% from 1990 to 2015. Simultaneously, asthma mortality decreased by 
26.7% and in 2015, 0.40 million people died of asthma globally. In 2015, asthma 
caused 1.1% of global DALYs [293]. In a Finnish health survey in 2017, FinTerveys 
2017, 10% of men and 14% of women in Finland reported to have asthma 
diagnosed by a doctor. The prevalence of asthma in Finland has increased since 
2011, when the corresponding prevalence was 8% for men and 12% for women 
[41].  

Risk factors for asthma include host factors and environmental factors both 
during early development and later in life [294].  

Examples of host factors associated with asthma are genetic components, sex, 
obesity and depression. There are multiple genes involved in the pathogenesis of 
asthma [295]. In children, asthma is more common in boys than girls. However, 
the difference in prevalence between sexes narrows with age and in adulthood 
female sex is a risk factor or asthma [296]. Obesity is a risk factor for asthma [297]. 
While depression is a comorbidity of asthma, it remains unclear whether it is a 
determinant of asthma [298]. 

Environmental factors associated with development and expression of 
asthma have been identified both in early development and later in life. These 
factors include allergen exposure, tobacco smoke, infections, social inequalities 
and air pollution [294]. The prevalence of asthma has generally been higher in 



 

 

affluent societies [299]. However, the role of social class as a risk factor for 
asthma has changed over time and the increase of asthma incidence has been 
steeper in socioeconomically deprived populations [300]. Maternal smoking 
during pregnancy has an impact on infant lung development and infants to 
smoking mothers are four times more likely to have wheezing illnesses during 
their first year of life [301, 302]. Further, both pre- and postnatal exposure to 
passive smoking increased the risk of asthma in children and adolescence [303]. 
In adults with established asthma, smoking was associated with a more rapid 
decline in lung function [304]. Exposure to maternal distress in early life is 
associated with offspring asthma in childhood [305]. A short gestational age, low 
birth weight and greater infant weight gain are all associated with an impaired 
lung function, which may increase the risk of childhood asthma [306]. Moreover, 
research on the association between maternal obesity and offspring asthma is 
described in detail in chapter 1.4.2. 



 

 

The aim of this study was to explore the associations between maternal BMI in 
late pregnancy and offspring health and non-communicable diseases in late 
adulthood. 
 
The specific aims of the study were as follow: 

1. To examine the association of maternal BMI and physical and 
psychosocial functioning in offspring in late adulthood (I). 

2. To study the association between maternal BMI and prevalence of asthma 
in offspring in late adulthood (II). 

3. To determine the association between maternal BMI and glucose 
metabolism in non-diabetic offspring in late adulthood (III). 

4. To study the longitudinal associations of maternal BMI, offspring weight 
status in childhood and late adulthood and device-measured physical 
activity in older age (IV). 

 



 

 

HBCS is a longitudinal birth cohort study that includes 20,431 individuals who 
were born in Helsinki, Finland, in 1924-1944. The entire cohort is divided into an 
older cohort and a younger cohort. The older cohort consists of 7086 individuals 
who were born in Helsinki University Central Hospital (HUCH) in 1924-1933. The 
younger cohort consists of 13,345 individuals who were born in 1934-1944 in one 
of the two largest maternity hospitals in Helsinki, HUCH and Helsinki City 
Maternity Hospital. 8760 participants in the younger cohort were born in HUCH 
and the remaining 4585 participants were born in Helsinki City Maternity 
Hospital. This thesis is based only on the younger cohort. All study participants 
attended child welfare clinics in the city of Helsinki and the majority also went 
to school there. Further, all participants were alive and living in Finland in 1971, 
when all Finnish residents were assigned a unique personal identification 
number, which enabled tracing of the participants and their inclusion in the 
cohort study. 

In year 2000, 7079 of the individuals who were born in HUCH in 1934-1944 
were alive and traceable and they were sent a questionnaire that included 
questions previously used in the Health 2000 and FINRISKI studies [307]. The 
questionnaire included questions of the participants’ health status, medication, 
weight and height, lifestyle, SES and parental background. 

Of the 6874 individuals who responded to the questionnaire, 4515 individuals 
allowed the research group to contact them. Of these individuals, 2902 were 
chosen by using a random number table and invited to a clinical examination. 
2003 accepted the invitation and attended a baseline clinical examination 
between 2001 and 2004. 

A follow-up clinical examination was conducted in 2011-2013.  Of the 2003 
individuals who attended the first clinical examination, 151 had died, 212 had 
declined further participation and 236 lived more than 100 km from Helsinki. The 
remaining 1404 individuals were invited to the follow-up clinical examination 
and 1094 participants accepted the invitation and were included in the second 
clinical examination. 

 
 

 



 

 

Figure 3 Description of the study cohort 

 

Maternal characteristics were retrieved from hospital birth records, which were 
stored in and recovered from the Helsinki City archives. The records included 
maternal weight, height, age, time of last menstruation and parity at the time of 
admission to hospital for labor. From this data on maternal weight and height, 
we calculated maternal BMI in late pregnancy. BMI was calculated with the 
formula weight in kilograms divided by the square of length in meters (kg/m2). 
Maternal body surface area (BSA) was calculated by using the Mosteller formula 
[308]. 



 

 

Information of the offspring at birth was also retrieved from hospital birth 
records. This data included e.g., sex, birth weight and height, head 
circumference, gestational age and placental measurements. We used data on 
birth weight and height to calculate ponderal index at birth with the formula 
birth weight/birth height3 (kg/m3). Ponderal index is a way of estimating 
asymmetrical neonatal growth, namely a disproportionate birth weight for 
length  [309]. 

Child welfare clinic and school healthcare records, which had been stored in 
the Helsinki City archives, included several measurements of the study 
participants’ weight and height from birth until 12 years of age. In addition, the 
records include information about father’s, and in some cases mother’s, 
occupation. Childhood SES was based on father’s highest occupation and 
classified as laborer, lower middle or upper middle class according to an original 
classification by Statistics Finland [310]. 

In 2001-2004, 2003 participants attended the baseline clinical examination. All 
participants gave a written, informed consent and the clinical measurements 
were carried out by trained study nurses. All participants were instructed to fast 
overnight before attending the clinic. 

Weight was measured in light indoor clothing without shoes with the 
accuracy of 0.1 kg and height was measured without shoes with the accuracy of 
0.1 cm. These measurements were used to calculate adulthood BMI. Waist 
circumference was measured midway between the iliac crest and the lowest rib. 

Body composition was assessed with BIA by using the Inbody 3.0 eight-polar 
tactile electrode system (Biospace Co Ltd, Seoul, Korea) [311]. The method 
estimates fat and lean body mass by impedance measurements from the trunk 
and from the limbs at four different electrical frequencies (5, 50, 250, and 500 
kHz). 

Blood pressure was measured with a mercury sphygmomanometer from the 
right arm while the participant was sitting down. The measurement was done 
twice and the mean of the two readings was recorded. 

The baseline examination included standard laboratory tests. Tests regarding 
glucose metabolism will be described in detail in chapter 3.3.4. Other laboratory 
tests included blood lipids, inflammatory markers and adipocytokines.  



 

 

The participant filled in questionnaires that included information about 
physician-diagnosed diseases, medication, self-reported leisure-time physical 
activity (LTPA), smoking status and marital status. Smoking status was coded as 
current smoker (at least one cigarette a day), former smoker or never smoked. 
LTPA was evaluated with a self-administered 12-month validated exercise 
questionnaire; the Kuopio Ischemic heart disease Risk Factor Study [312]. In the 
questionnaire, participants filled in the frequency, duration and intensity of each 
different activity performed during the past 12 months. Data were converted into 
MET-hours/day (METh/d) [312]. 

SES in adulthood was based on the participant’s occupational status and the 
information was collected from Statistics Finland. Occupational status was 
recorded every five years in 1970-2000 and the highest occupational status was 
used for the classification into manual workers, self-employed, lower middle 
class and upper middle class. 

A variable for chronic diseases was calculated based on self-reported main 
chronic diseases during the second clinical examination. Diseases included were 
hypertension, heart failure, coronary heart disease, stroke, cancer, diabetes, 
bronchial asthma and chronic obstructive lung disease. The variable for chronic 
diseases was divided into three categories: no chronic diseases, one chronic 
disease and two or more chronic diseases. 

Functioning was assessed at the baseline clinical examination with a self-
administered questionnaire, the Finnish validated version of the SF-36 [210, 
211]. 35 of the items are divided into eight different multi-item scales: physical 
functioning (10 items), role limitations caused by physical health problems (4 
items), pain (2 items), general health perception (5 items), social functioning (2 
items), role limitations caused by emotional problems (3 items), emotional 
wellbeing (5 items) and energy/fatigue (4 items). In 20 of the items, the past 4 
weeks is used as the reporting interval. In addition to the 35 items, one item 
addresses the change in perceived health during the last 12 months [205]. 

In study I, physical functioning was assessed with the physical component 
summary of SF-36. The summary includes four subscales and a total of 21 items: 
physical functioning (10 items), role of limitation due to physical health 
problems (4 items), pain (2 items) and general health perception (5 items). Every 
item was scored as 0=a lot of difficulties or unable to perform, 50=some 
difficulties and 100=no difficulties. The physical functioning component 
summary score was obtained by calculating the mean of all the individual items. 
The score was divided into tertiles and the participants with scores in the lowest 



 

 

tertiles (<78 for men and <70 for women) were considered to have poor physical 
functioning. 

Further, in study I, psychosocial functioning was assessed with the 
psychosocial component summary of SF-36. The summary includes four 
subscales and a total of 14 items: social functioning (2 items), emotional well-
being (5 items), role limitations due to emotional problems (3 items) and 
energy/fatigue (4 items). Each item was scored as 0=a lot of difficulties or unable 
to perform, 50=some difficulties and 100=no difficulties. The psychosocial 
functioning component summary score was obtained by calculating the mean of 
all the individual items. The score was divided into tertiles and the participants 
with scores in the lowest tertiles (<84 for men and 78 for women) were considered 
to have poor psychosocial functioning. 

Receiving special reimbursement for asthma medication was used as the 
definition of asthma in study II. These individuals were identified from the HBCS 
cohort by using their unique social security number. In Finland, the cost of 
asthma medications is partly reimbursed by the state. In order to acquire special 
reimbursement, certain criteria must be filled, which are assessed by a clinician 
and approved by a physician at the Social Insurance Institution of Finland. 
Although there have been some modifications to the criteria over time, the main 
criteria in adults has constantly been demonstration of reversible airflow 
obstruction. Most commonly, these patients have asthma or, in some cases, a 
chronic obstructive pulmonary disease (COPD). The current criteria for special 
reimbursement of asthma medication for adults in Finland is shown in table 7. In 
addition to these criteria, a regular use of asthma medication 6 months before 
special reimbursement is required.  

 

 

 

 

 



 

 

Table 7  Criteria for special reimbursement of asthma medication for adults in Finland 
according to the Social Insurance Institution of Finland. Fulfilment of any of the following individual 
criteria is enough for eligibility for special reimbursement [313] 

Recurrent diurnal variation in peak expiratory flow (PEF) with at least 20% variation and a 
minimum of 60 l/min in mean PEF values between morning and evening recordings 3 times or 
more during a two-week follow-up  

 
A significant improvement in PEF values, at least 15%, and a minimum of 60l/min, after use of 
bronchodilator medication 3 times or more during a two-week follow-up 

 
In a bronchodilator test, forced expiratory volume in 1 second (FEV1) or forced vital capacity 
(FVC) increase at least 12% and 200 ml compared to baseline values 
 
In a glucocorticoid treatment trial, FEV1 increases at least 15% and 200 ml or mean PEF values 
increase at least 20% 

 
In histamine or methacholine challenge, there is a moderate or severe bronchial constriction  

 
PEF or FEV1 values decline 15% or more from baseline during a physical performance test 
  

At the baseline clinical examination, participants’ glucose tolerance was 
assessed with a two-hour 75 g OGTT. Plasma glucose concentration was 
measured at baseline, yielding FPG, and at two hours. Further, plasma insulin 
concentration was measured at baseline and at two hours of the OGTT. FPG and 
fasting insulin concentrations were used to calculate homeostatic model 
assessment of insulin resistance (HOMA-IR). HOMA-IR is used as a proxy for 
insulin sensitivity, and it is calculated with the formula (fasting plasma glucose 
(mmol/l) x fasting plasma insulin (mU/l))/22.5. HOMA-IR is considered to be an 
adequate tool for estimating insulin sensitivity in epidemiological studies [314].  

In study III, participants with a previously or newly diagnosed diabetes were 
excluded. Newly diagnosed diabetes was based on the findings of the OGTT 
performed at the baseline clinical examination. Individuals with previously 
diagnosed diabetes were identified with their unique social security numbers as 
receiving special reimbursement for diabetes medication according to the 
nationwide prescription register of the Social Security Institution (information 
available from year 1964) and/or having purchased diabetes medications 
(information available form year 1995). In Finland, the cost of diabetes 
medication is partly reimbursed by the state. In order to acquire reimbursement, 
certain criteria must be filled, which are evaluated by a clinician and approved by 
a physician at the Social Insurance Institution of Finland. The reimbursement 
criteria have changed somewhat over time. Currently, there are three different 



 

 

special reimbursement codes for diabetes medication for adults according to the 
required diabetes medication (reimbursement codes 103, 215 and 285). [315].  

Table 8 Criteria for special reimbursement of diabetes medication for adults in Finland 
according to the Social Insurance Institution of Finland [315, 316] 

Common criteria for special reimbursement codes 103 and 215 

Diabetes is diagnosed with any of the following findings: 
• FPG at least 7.0 mmol/l or fasting blood glucose concentration at least 6.1 mmol/l 
• A random plasma glucose concentration is at least 11.1 mmol/l or a random blood 

glucose concentration is at least 10.0 mmol/l 
• In an OGTT, 2hPG is 11.1 mmol/l or more or wo-hour blood glucose concentration is 

10.0 mmol/l or more 
• HBA1c is 48 mmol/mol or more 
Diagnosis needs to be confirmed with a second measurement if the first measurement is a 
fasting glucose concentration or a two-hour glucose concentration and the patient does 
not have clear symptoms of diabetes   
Additional criteria for special reimbursement code 103  

Long-term insulin treatment is needed 

Criteria for special reimbursement code 285 (for incretin mimetic drugs) 
Diagnosed type 2 diabetes 
Goals for glucose balance have not been achieved with other diabetes medications 
Patient’s BMI before beginning of incretin mimetic drug treatment is 30 kg/m2 or more 

Total physical activity (TPA) was measured at the follow-up clinical examination 
in 2011-2013 with a multisensory body monitor device, SenseWear Pro 3 
Armband (SWA) (BodyMedia, Inc., Pittsburg, PA, USA). The SWA was worn over 
the triceps on the right arm. It monitors a number of different parameters, 
including biaxial acceleration, skin temperature, near-body temperature, heat 
flux and galvanic skin response. Participants were instructed to wear the SWA for 
ten consecutive days. They were conducted to wear the SWA even during sleep 
and to remove it only while showering, swimming or bathing. In study IV, 
participants who had adequate recordings from the SWA for at least four 
weekdays and one day during the weekend were included in the analytic cohort. 
If the participant had more than five days of adequate data, the days with the 
most minutes of recorded data were chosen. A day with adequate recordings was 
defined as s day with at least 1296 minutes of data, which equals 90% of 24 hours. 
To normalize the measurement period to match 24 hours a day, one MET, which 
equals the metabolic rate of sitting at rest, was added for every missing minute. 
The data retrieved with the SWA was analyzed by Innerview Sensewear 
Professional Software (version 6.1) and converted into METh/d. Reaching the 



 

 

recommended amount of physical activity was defined as having engaged in at 
least 30 minutes of moderate to vigorous intensity physical activity daily during 
the five days of measurements, which equals the weekly recommended amount 
of at least 150 minutes of moderate intensity physical activity [228]. Physical 
activity with an intensity at least 3.0 MET was defined as moderate to vigorous 
intensity physical activity [261]. 

Study I include 1759 participants (810 men and 949 women) who attended the 
baseline clinical examination, had complete data on maternal weight and height 
and who answered the SF 36 questionnaire. We presented descriptive 
characteristics as means and standard deviations (SD) for continuous variables 
and as frequencies and percentages for categorical variables, separately for men 
and women. 

We divided participants into three groups according to tertiles of maternal 
BMI and used the lowest maternal BMI group as a reference. Logistic regression 
analyses were used to study the association between maternal BMI and physical 
and psychosocial functioning. The analyses were conducted for all participants 
together and separately for men and women. In the crude model, analyses were 
adjusted for age at clinical examination and sex, in the analyses with both sexes 
combined. In further analyses, parity, gestational age, childhood SES and 
smoking were added to the adjustments. Finally, birth weight, adulthood BMI and 
maternal age were independently added to the analyses.  

In addition, the associations of birth weight and physical and psychosocial 
functioning were assessed with logistic regression. The study cohort was divided 
according to birth weight into three groups, birth weight<2500 g, birth weight 
2500-3000 g and birth weight >3000 g. The group with the largest birth weight 
was used as a reference. These analyses were conducted for all participants 
combined and separately for both sexes. The analyses were adjusted for parity, 
gestational age, childhood SES, smoking, age at clinical examination and sex. All 
analyses in study I were carried out with IBM SPSS version 22. 

Study II include 12,027 participants (6279 men and 5748 women) from the 
younger HBCS cohort. We divided participants into three groups according to 



 

 

tertiles of maternal BMI and used the lowest maternal BMI group as a reference. 
We used cox proportional hazard models to study the associations between 
maternal BMI and asthma. The participants were surveyed from 1964 to their 
death, migration, onset of asthma or December 31, 2011. The analyses were 
carried out for both sexes combined and separately for men and women. The 
crude analyses were stratified for date of birth and adjusted for sex when analyses 
with both sexes were combined. Further analyses included additional adjustment 
for gestational age, parity, birth weight and adulthood SES. In a subsample 
(n=6,874), smoking status and adulthood BMI were independently added to the 
adjusted analyses. The analyses in study II were done with IBM SPSS version 23. 
 

Study III include 1440 individuals from the baseline clinical examination who had 
complete data on maternal weight and height and who did not have a newly or 
previously diagnosed diabetes (n=315). Descriptive characteristics were 
presented as means and SD for continuous variables and a frequencies and 
percentages for categorical variables. 

The analytic cohort was divided into quartiles according to maternal BMI. The 
cutoffs were maternal BMI<24.6 kg/m2 (quartile I), 24.6-26.2 kg/m2 (quartile II), 
26.3-28.0 kg/m2 (quartile III) and>28.0 kg/m2 (quartile IV). In additional analyses, 
men and women were divided into three groups according to their own BMI in 
adulthood. The WHO classification for overweight and obesity was used as 
cutoffs, BMI<25.0 kg/m2 in the lowest BMI group, 25.0-29.9 kg/m2 in the middle 
BMI group and≥30 kg/m2 in the highest BMI group [22]. 

 The hypothesis of linearity across maternal BMI categories was assessed in 
the unadjusted model by using the Cochran-Armitage test for trend and analysis 
of variance. In the adjusted model, linearity was assessed by using analysis of 
covariance. The model was adjusted for age, BMI and LTPA. Shapiro–Wilk W test 
was used to evaluate the normality of the variables. The bootstrap method was 
used in the case of non-normality or if the theoretical distribution of the test 
statistics was unknown. Analyses were done with the Stata 15.0 (StataCorp LP; 
College Station, Texas, USA) statistical package. 

Study IV include 552 participants (255 men and 297 women) who attended the 
second clinical examination in 2011-2013 and who had adequate data on 
maternal and childhood characteristics and device-measured TPA in older age. 



 

 

Maternal and participants characteristics are presented as means and SD for 
continuous variables and as frequencies and percentages for categorial variables. 
Differences between groups were calculated with student’s t-test for continuous 
variables and with Pearson’s chi-squared test for categorial variables. 

We conducted the main analyses with general linear models. The association 
between maternal BMI and offspring TPA in older age was assessed with maternal 
BMI as a continuous variable and with the median of maternal BMI, 26.3 kg /m2, 
as a cutoff. The association between childhood overweight (7 years) and TPA in 
older age was assessed with BMI ≥ 85th percentile based on sex specific BMI-
percentile in this study cohort as a definition of childhood overweight. In 
analyses of adulthood overweight (61 years) and TPA in older age adulthood BMI 

≥25.0 kg/m2 was used as cutoff for overweight [22]. These analyses were 
conducted for both sexes combined and separately for men and women. 

Next, we assessed the associations between changes in weight status from 
childhood to late adulthood and TPA in older age. The analytic cohort was 
divided into four groups. Group 1 included 165 individuals who were normal 
weight both in childhood and in late adulthood. Group 2 included 14 individuals 
who were overweight in childhood but normal weight in late adulthood. Group 3 
included 306 individuals who were normal weight in childhood but overweight in 
late adulthood and group 4 included 67 individuals who were overweight in 
childhood and late adulthood. 

Further, we examined whether high maternal BMI, childhood overweight, late 
adulthood overweight or change in weight status were associated with reaching 
the recommended weekly amount of TPA. 

Finally, we analyzed whether maternal BMI, smoking status, educational 
attainment or self-reported LTPA at 61 years of age modified the associations of 
change in weight status from childhood to late adulthood and TPA in older 
people. Maternal BMI was categorized as previously, according to the median. 
Smoking status was grouped into two categories, the one group included only 
individuals who had never smoked, and the other group included individuals who 
had smoked at some time, either currently or previously. For dividing LTPA, the 
median, 35.4 METh/d, was used as a cutoff. 

The analyses were adjusted for gestational age, parity, childhood social class, 
age at second clinical examination, follow-up time from first clinical 
examination to TPA measurement, month of TPA measurement, smoking status, 
chronic diseases and sex in the analyses with both sexes combined. The bootstrap 
method was applied in analyzes that did not meet the model assumption of 
normal distribution. P value<0.05 was set as a threshold for statistical 



 

 

significance. All analyses in study IV were performed with Stata/MP 15.1 
(StataCorp, 4905 Lakeway Dr, College Station, TX 77845, USA). 

The study was conducted according to the guidelines of the Declaration of 
Helsinki. The study protocol was approved by The Coordinating Ethics 
Committee of the Hospital District of Helsinki and Uusimaa and the ethical 
committee at the National Public Health Institute. All participants in the study 
gave a written informed consent. 



 

 

Maternal characteristics of the 1759 study participants (949 women and 810 men) 
are shown in table 9 as means and SD or frequencies and percentages. 

Table 9 Maternal characteristics among women and men in study I 

 Women (n=949) Men (n=810) 

 Mean Range SD Mean Range SD 

Maternal       
Age (years) 28.6 17.0- 44.0 5.5 28.7 17.0- 48.0 5.5 

Weight (kg) 67.5 46.5- 99.0 8.1 67.6 39.0- 100.0 8.1 

Height (cm) 159.5 145.0- 178.0 5.6 159.6 140.0- 195.0 6.0 

BMI (kg/m2) 26.5 18.4- 42.7 2.8 26.5 15.6- 43.4 3.0 

Parity 1.9 1- 10 1.2 2.0 1- 13 1.4 

SES (n/%) N  % N  % 
Highest 119  12.6 135  16.7 
Middle 213 22.6 194 24.0 
Lowest 612 64.8 476 59.1 

 
Odds ratios (OR) and 95% confidence intervals (CI) for physical functioning 
according to tertiles of maternal BMI are illustrated in Figure 4. Lowest maternal 
BMI group is used as a reference. In all participants, OR for the highest maternal 
BMI group was 1.20 (95% CI 0.92, 1.55) in the analysis adjusted for sex, age, 
parity, gestational age, childhood SES and smoking (model 2). Further separate 
adjustments for birth weight (model 3), adulthood BMI and maternal age did not 
alter the results. In men, higher maternal BMI was associated with a poorer 
physical functioning, OR being 1.60 (95% CI 1.08, 2.37) in model 2. Further 
adjustment for birth weight (model 3) strengthened the association (OR 1.69; 
95% CI 1.13, 2.52), while adjustment for adulthood BMI or maternal age did not 
alter the results. In women, maternal BMI was not associated with physical 
functioning. 

 



 

 

Figure 4 OR and 95% CI for physical functioning according to tertiles of maternal BMI for 
all participants and separately for men and women 

Note. Model 1 is adjusted for age and sex (in analyses with all). Model 2, in addition to sex and 
age, is also adjusted for parity, gestational age, childhood social class and smoking. Model 3, in 
addition to all previous adjustments, is adjusted for birth weight. 

OR and 95% CI for psychosocial functioning according to tertiles of maternal BMI 
are shown in Figure 5. In all participants, OR for psychosocial functioning in the 
highest maternal BMI group was 1.11 (95 % CI 0.84, 1.44) in model 2. Further 
adjustment for birth weight, adulthood BMI or maternal age did not change the 
results. In men, the association between maternal BMI and psychosocial 
functioning was significant in model 1 (OR 1.50 95% CI 1.02, 2.09). In the 
adjusted model, model 2, OR was 1.40 (95% CI 0.95, 2.07) and in the model 
adjusted for birth weight, model 3, OR was 1.48 (95% CI 0.99, 2.20). Additional 
adjustment for adulthood BMI in model 2 did not change the results, while 
including adjustment for maternal age resulted in a significant association (OR 
1.59; 95% CI 1.10, 2.39). In women, there was no association between maternal 
BMI and psychosocial functioning. 
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Figure 5 OR and 95% CI for psychosocial functioning according to tertiles of maternal BMI 
for all participants and separately for men and women 

 
Note. Model 1 is adjusted for age and sex (in analyzes with all). Model 2, in addition to sex and 
age, is also adjusted for parity, gestational age, childhood social class and smoking. Model 3, in 
addition to all previous adjustments, is adjusted for birth weight. 

Lower birth weight predicted a poorer physical functioning in all participants, OR 
in the lowest birth weight group was 3.09 (95% CI 1.50, 6.39). Corresponding 
results were found in analyses done separately in men (OR 3.35, 95% CI 1.14, 
9.88) and women (OR 3.10, 95% CI 1.15, 8.33). Likewise, lower birth weight was 
associated with poorer psychosocial functioning in all participants (OR 2.14, 95% 
CI 1.05, 4.36). Corresponding OR in men was 2.89 (95% CI 0.99, 8.44) and in 
women the OR was 1.70 (95% CI 0.65, 4.45). 
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The study included 12,027 participants, 6279 men and 5748 women. The 
prevalence of asthma was 7.1% in all participants, 8.7% in women and 5.7% in 
men. 

Hazard ratio (HR) and 95% CI for special reimbursement for asthma 
medication according to tertiles of maternal BMI is shown in figure 6. The lowest 
maternal BMI was used as reference. In all participants, maternal BMI was 
associated with a higher risk of asthma, unadjusted HR in the highest maternal 
BMI group was 1.21 (95% CI 1.03, 1.43). The adjusted HR, stratified for date of 
birth, and adjusted for sex, gestational age, parity, birth weight and adulthood 
SES, was 1.27 (95% CI 1.07, 1.52). In men, unadjusted HR for asthma in the 
highest maternal BMI group was 1.44 (95% CI 1.12, 1.86) and in the adjusted 
model, HR was 1.54 (95% CI 1.18, 2.02). Maternal BMI was not associated with 
asthma in women. 

In addition, the analyses above were performed in a subsample (n=6874) with 
data on smoking status and adulthood BMI. Maternal BMI was not associated 
with offspring asthma before adjustment for the participants own adulthood BMI 
and smoking status. Additional adjustment for adulthood BMI and smoking 
status did not change the results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

Figure 6 HR and 95% CI for special reimbursement for asthma medication according to 
tertiles of maternal BMI for all participants and separately for men and women  

 
Note. Stratified for date of birth, and adjusted for sex in analyses with all participants, and for 
gestational age, parity, birth weight and adulthood SES. 

 
 

Maternal and neonatal characteristics of the 1440 participants in study III are 
shown according to quartiles of maternal BMI in table 10. Maternal age at 
delivery, BSA and parity increased according to maternal BMI. Offspring with 
higher maternal BMI had a higher gestational age, birth weight, birth length and 
ponderal index. 
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Table 10  Maternal and neonatal characteristics according to quartiles of maternal BMI. 
Data are presented as mean (SD) or frequencies (%). 

 Quartiles of maternal BMI P for trend 
I 

(n=357) 
II 

(n=363) 
III 

(n=359) 
IV 

(n=361) 
 

Maternal      
BMI (kg/m2), 
range 

<24.6 24.6-26.2 26.3-28.0 >28.0  

Age (years) 27.3 (5.2) 28.0 (5.4) 28.8 (5.3) 30.4 (5.5) <0.001 
Weight (kg) 60.0 (4.6) 64.9 (4.9) 69.4 (5.2) 76.1 (6.7) <0.001 
Length (cm) 160.5 (6.1) 159.8 (5.9) 159.8 (6.0) 158.6 (5.4) <0.001 
Body surface 
area (m2) 

1.63 (0.09) 1.70 (0.09) 1.75 (0.10) 1.83 (0.10) <0.001 

Parity 1.6 (1.0) 1.8 (1.2) 2.0 (1.3) 2.2 (1.5) <0.001 
Neonatal      

Boys, n (%) 163 (46) 178 (49) 142 (40) 153 (42) 0.10 
Gestational age 
(weeks) 

39.8 (1.6) 40.0 (1.6) 40.0 (1.5) 40.2 (1.5) 0.003 

Weight (g) 
      Boys 
      Girls 

 
3280 (474) 
3178 (443) 

 
3471 (422) 
3380 (448) 

 
3605(427) 
3411(441) 

 
3630 (509) 
3521 (460) 

 
<0.001 
<0.001 

Length (cm) 
      Boys 
      Girls 

 
49.9 (2.3) 
49.5 (1.9) 

 
50.7 (1.7) 
50.1 (1.9) 

 
51.0 (1.9) 
50.2 (1.8) 

 
51.2 (1.9) 
50.5 (1.7) 

 
<0.001 
<0.001 

Ponderal index 
(kg/m3) 

      Boys 
      Girls 

 
 

26.2 (2.2) 
26.0 (2.0) 

 
 

26.5 (2.1) 
26.8 (2.2) 

 
 

27.1 (2.8) 
26.9 (2.0) 

 
 

26.9 (2.3) 
27.3 (2.4) 

 
 

0.003 
<0.001 

 
Participants’ adult characteristics according to maternal BMI quartiles are shown 
for women in table 11 and for men in table 12. In both women and men, 
participants’ own BSA, weight in adulthood, adulthood BMI and lean body mass 
increased across maternal BMI quartiles. In addition, women had a bigger waist 
circumference, higher body fat percentage and lower HDL in the higher maternal 
BMI groups, while a higher percentage of men in the higher maternal BMI groups 
were smokers. 
 
 
 
 
 



 

 

Table 11  Adult offspring anthropometry and clinical characteristics for women according to 
quartiles of maternal BMI. Data are presented as mean (SD) or frequencies (%). 

 Quartiles of maternal BMI P for 
trend 

Women I 
(n=194) 

II 
(n=185) 

III 
(n=217) 

IV 
(n=208) 

 

Age (years) 62 (3) 62 (3) 61 (3) 61 (3) 0.17 
Height (cm) 163 (6) 163 (6) 164 (6) 163 (5) 0.62 
Weight (kg) 70.0 (11.5) 72.5 (12.4) 72.8 (13.5) 75.1 (14.2) <0.001 
BMI (kg/m2) 26.3 (4.1) 27.2 (4.4) 27.0 (4.7) 28.4 (5.4) <0.001 
Waist (cm) 88 (10) 89 (12) 89 (13) 92 (13) <0.001 
Current 
smokers, n 
(%) 

41 (21) 38 (21) 50 (23) 46 (22) 0.68 

Lean body 
mass (kg) 

46.1 (5.3) 47.6 (5.3) 48.0 (5.8) 47.9 (5.2) <0.001 

Fat % 33.0 (6.5) 33.0 (6.6) 32.8 (7.0) 34.8 (7.3) 0.016 
BSA 1.78 (0.16) 1.81(0.16) 1.82 (0.18) 1.83 (0.18) <0.001 
LTPA 
(METh/d) 

46.5 (34.8) 48.8 (37.8) 44.9 (40.7) 46.2 (49.0) 0.73 

Blood 
pressure 
(mmHg) 

     

Systolic 144 (21) 142 (20) 142 (20) 143 (22) 0.96 
Diastolic 88 (9) 87 (11) 87 (10) 88 (11) 0.98 

Cholesterol 
(mmol/L) 

6.16 (1.08) 6.18 (0.95) 6.12 (1.00) 6.09 (1.01) 0.42 

LDLa 
(mmol/L) 

3.72 (0.94) 3.80 (0.82) 3.74 (0.88) 3.77 (0.89) 0.76 

HDL 
(mmol/L) 

1.79 (0.43) 1.77 (0.47) 1.77 (0.42) 1.70 (0.39) 0.041 

Triglycerides 
(mmol/L) 

1.47 (0.77) 1.35 (0.70) 1.34 (0.70) 1.41 (0.73) 0.43 

hs-CRP 
(mg/L) 

3.33 (4.99) 3.68 (5.58) 3.05 (4.14) 3.16 (5.06) 0.46 

Note. aLow density lipoprotein (LDL) 
 
 
 
 
 
 
 



 

 

Table 12  Adult offspring anthropometry and clinical characteristics for men according to 
quartiles of maternal BMI. Data are presented as mean (SD) or frequencies (%). 

 Quartiles of maternal BMI P for 
trend 

Men I 
(n=163) 

II 
(n=178) 

III 
(n=142) 

IV 
(n=153) 

 

Age (years) 62 (3) 61 (3) 61 (3) 62 (3) 0.80 
Height (cm) 176 (6) 177 (6) 177 (6) 177 (6) 0.16 
Weight (kg) 82.3 (11.8) 84.8 (12.2) 84.6 (13.2) 85.9 (13.8) 0.021 
BMI (kg/m 2) 26.6 (3.4) 27.0 (3.6) 26.9 (3.9) 27.4 (4.0) 0.069 
Waist (cm) 98 (9) 99 (10) 99 (11) 101 (12) 0.11 
Current 
smokers, n 
(%) 

37 (23) 50 (28) 51 (36) 61 (40) <0.001 

Lean body 
mass (kg) 

62.8 (7.2) 64.7 (7.5) 65.1 (7.9) 65.0 (8.0) 0.009 

Fat % 23.1 (5.1) 23.1 (5.4) 22.3 (6.3) 23.7 (5.6)  0.54 
BSA 2.00 (0.16) 2.04 (0.16) 2.03 (0.17) 2.05 (0.18) 0.021 
LTPA 
(METh/d) 

49.3 (40.1) 46.0 (47.4) 41.8 (34.4) 45.9 (36.4) 0.30 

Blood 
pressure 
(mmHg) 

     

Systolic 147 (18) 146 (20) 144 (20 144 (18) 0.087 
Diastolic 90 (9) 91 (10) 90 (11) 89 (11) 0.25 

Cholesterol 
(mmol/L) 

5.75 (1.04) 5.84 (1.07) 5.91 (0.99) 5.81 (1.03) 0.55 

LDL 
(mmol/L) 

3.62 (0.89) 3.68 (0.88) 3.73 (0.79) 3.64 (0.84) 0.72 

HDL 
(mmol/L) 

1.45 (0.34) 1.49 (0.36) 1.51 (0.41) 1.49 (0.43) 0.32 

Triglycerides 
(mmol/L) 

1.55 (0.78) 1.47 (0.77) 1.48 (0.78) 1.46 (0.74) 0.35 

hs-CRP 
(mg/L) 

2.90 (4.43) 2.56 (3.52) 2.49 (3.25) 3.81 (7.66) 0.22 

 
Before adjustment for participants’ own adulthood BMI, mean 2hPG in men was 
6.56 mmol/l in the highest maternal BMI group compared to 7.24 mmol/l in the 
lowest group (p for trend across maternal BMI quartiles <0.001, adjusted for age, 
BMI, smoking and LTPA). There was no association between maternal BMI and 
FPG in men. HOMA-IR was 2.78 in the lowest maternal BMI quartile, 2.61 in 
quartiles II and III and 2.66 in the highest quartile (p for trend 0.049). In women, 
maternal BMI was not associated with FPG, 2hPG or HOMA-IR. 



 

 

Figure 7 shows 2hPG according to quartiles of maternal BMI for men across adult 
BMI groups. In men with BMI <25.0 kg/m2, higher maternal BMI was associated 
with a lower 2hPG (p for trend=0.002, adjusted for age, BMI, smoking and LTPA). 
Corresponding results were found in men with BMI 25.0-29.9 kg/m2 (p for 
trend=0.023). Maternal BMI was not associated with FPG across adult BMI groups 
in men. There were no significant associations between maternal BMI and FPG 
or 2hPG in women across adult BMI groups. 

Figure 7 2hPG according to quartiles of maternal BMI in late pregnancy in men in 
different adulthood BMI groups (values adjusted for age, BMI, smoking and LTPA). P values are 
for trend. 

 

 

 
Figure 8 shows HOMA-IR according to quartiles of maternal BMI for men across 
adult BMI groups. In men with BMI ≥30 kg/m2, higher maternal BMI was 
associated with a lower HOMA-IR (p for trend =0.049, adjusted for age, BMI, 
smoking and LTPA). There was no difference in HOMA-IR according to maternal 
BMI in non-obese men nor in women. 

I II III IV I II III IV I II III IV

Quartiles of
maternal BMI,

men with
BMI<25.0

Quartiles of
maternal BMI,
men with BMI

25.0-29.9

Quartiles of 
maternal BMI, 

men with BMI ≥30

G
lu

co
se

, m
m

ol
/l

Two-hour plasma glucose concentration
Men

0.002
0.023



 

 

Figure 8 HOMA-IR according to quartiles of maternal BMI in men in different adulthood 
BMI groups. P value for trend.  

 
Note. Adjusted for age, BMI, smoking and LTPA 

 
In men, maternal BMI was associated with higher lean body mass (p for trend 
0.043 adjusted for age, BMI, smoking and LTP). In women the corresponding p-
value was 0.18 (results not shown). 
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Descriptive 

Table 13 Maternal and participant characteristics according to change in weight status from 
childhood (7 years) to late adulthood (61 years). Data reported as mean (SD) or number (%). P value 
for difference between groups. 

 
Normal 
weight at 7 
or 61 years 
(n=168) 

Overweight 
only at 7 years 
(n=14) 

Overweight 
only at 61 years 
(n=309) 

Overweight 
at 7 and 61 
years 
(n=69) 

P  

Maternal      

High BMI, n 
(%) 

87 (51.8) 6 (42.9) 148 (47.9) 43 (62.3) 0.16 

Parity 2.0 (1.3) 1.6 (0.7) 1.9 (1.1) 2.0 (1.2) 0.69 

Neonatal      

Female, n 
(%) 

104 (61.9) 8 (57.1) 153 (49.5) 37 (53.6) 0.076 

Gestational 
age, days 

279.3 (14.1) 277.6 (8.9) 279.9 (13.8) 279.1 (13.2) 0.88 

Childhood      

BMI at age 
7, kg/m2 

15.0 (0.9) 18.0 (2.0) 15.3 (0.8) 17.5 (0.8) <0.001 

Childhood 
SES, n 

    0.96 

Highest 25 2 43 9  

Middle 39 2 64 17  

Lowest 103 10 202 42  

Adulthood      

BMI at age 
61, kg/m2 

23.0 (1.5) 24.0 (0.8) 29.1 (3.6) 30.2 (4.1) <0.001 

Smoking, n 
(%) 

94/167 (56.2) 8/14 (57.1) 155/307 (50.5) 34/68 
(50.0%) 

0.63 

Note High maternal BMI was defined as a BMI ≥median, 26.3 kg/m2. Childhood overweight was 
defined as BMI ≥85th percentile. Adulthood overweight was defined as BMI ≥25.0 kg/m2. 

 
TPA in older people expressed as METh/d according to maternal BMI and 
childhood and late adulthood weight status is presented in table 14. There was 
no association between a high maternal BMI and offspring TPA in older age, 



 

 

when the median of maternal BMI was used as a cutoff. Nonetheless, when 
regarding maternal BMI as a continuous variable, there was a slightly U-shaped 
association between maternal BMI and offspring physical activity in older aged 
women (p=0.002), but not in men (p=0.97). Overweight in childhood was 
inversely associated with TPA in older age in all participants, mean difference -
1.8 METh/d (95% CI -2.7, -0.9), and in women, mean difference -3.2 METh/d, 95% 
CI -4.6, -1.9. In men, there was no association between overweight in childhood 
and TPA in older age (mean difference -0.3 METh/d, 95% CI -1.5, 0.9). Overweight 
in late adulthood was associated with lower TPA in older age in all participants 
(mean difference -4.6 METh/d, 95% CI -5.4, -3.8), in women (mean difference -
6.2 METh/d, 95% CI -7.2, -5.1) and in men (mean difference -2.6 METh/d, 95% CI 
-3.7, -1.5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Table 14 TPA in older people according to maternal BMI, childhood BMI at 7 years of age 
and late adulthood BMI at 61 years of age. Values are presented as means, standard error (SE), mean 
difference and 95% CI 

  Total physical activity (METh/d)  
Mean (SE) Mean difference (95% CI) P 

Maternal BMI 
   

All 
   

Low 29.6 (0.3) -0.3 (-1.1–0.5) 0.41 
High 29.3 (0.3) 

  

Men    
Low 30.9 (0.4) -1.0 (-2.0–0.05) 0.066 
High 29.9 (0.4)   

Women 
   

Low 28.5 (0.4) 0.3 (-0.9–1.4) 0.65 
High 28.8 (0.4) 

  

Childhood overweight 
   

All 
   

No 29.7 (0.2) -1.8 (-2.7– -0.9) 0.001 
Yes 27.9 (0.5) 

  

Men    
No 30.5 (0.3) -0.3 (-1.5–0.9) 0.65 
Yes 30.2 (0.5)   

Women 
   

No 29.1 (0.3) -3.2 (-4.6– -1.9) <0.001 
Yes 25.9 (0.6) 

  

Late adulthood overweight 
   

All 
   

No 32.5 (0.3) -4.6 (-5.4– -3.8) <0.001 
Yes 28.0 (0.2) 

  

Men    
No 32.3 (0.5) -2.6 (-3.7– -1.5) <0.001 
Yes 29.7 (0.3)   

Women 
   

No 32.5 (0.5) -6.2 (-7.2– -5.1) <0.001 
Yes 26.4 (0.3) 

  

Note. Adjusted for gestational age, parity, childhood social class, age at second clinical 
examination, follow-up time from first clinical examination to TPA measurement, month of TPA 
measurement, smoking status, chronic diseases and sex in the analyses with both sexes combined. 

Figure 9 shows changes in weight status from childhood to late adulthood and 
TPA in older age. TPA levels were highest in those participants who were normal 
weight in childhood and late adulthood and lowest in those participants who 



 

 

were overweight in childhood and late adulthood. Participants with overweight 
only in childhood had a lower TPA compared to participants with normal weight 
in childhood and late adulthood (p=0.002). Participants with overweight only in 
late adulthood and with overweight both in childhood and late adulthood had a 
lower TPA in older age compared to the normal weight group (p<0.001 
respectively). TPA was significantly lower in participants who were overweight 
both in childhood and late adulthood compared to those who were overweight in 
childhood and reached normal weight before late adulthood. Maternal BMI did 
not modify the associations between changes in weight status and TPA in older 
age (p for interaction=0.74). Furthermore, the associations were not modified by 
smoking status (p for interaction=0.22), educational attainment (p for 
interaction=0.18) or self-reported LTPA (p for interaction=0.83) at the mean age 
of 61 years. 

51.2% of men and 40.4% of women reached the recommended weekly levels 
of physical activity in five days (p=0.013). There was no association between 
maternal BMI and reaching the recommended amount of TPA in older aged 
offspring (OR 0.90, 95% CI 0.62-1.30). The odds of reaching the recommended 
amount of TPA were lowered by childhood overweight (OR 0.53, 95% CI 0.31¬–
0.91) and adulthood overweight (OR 0.30, 95% CI 0.20¬–0.46). In analyses with 
changes in weight status, participants with normal weight in both childhood and 
adulthood were used as a reference. Both overweight only in adulthood (OR 0.32, 
95% CI 0.21–0.49) and overweight in childhood and adulthood (OR 0.25, 95% CI 
0.13–0.49) lowered the odds of reaching the recommended amount of TPA. 
Overweight only in childhood did not affect the odds. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

 

Figure 9 Change in weight status from childhood to late adulthood and mean TPA in older 
age. P values for difference between groups 

 
Note. Adjusted for sex. gestational age, parity, childhood social class, age at second clinical 
examination, follow-up time from first clinical examination to TPA measurement, month of 
TPA measurement, smoking status and chronic diseases. 
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The aim of this thesis was to examine the associations of maternal BMI in 
pregnancy and offspring health outcomes in late adulthood with focus on 
physical and psychosocial functioning, asthma, glucose metabolism, and 
physical activity. This thesis is a part of the HBCS, a longitudinal birth cohort 
study from Helsinki, Finland. The HBCS includes 13,345 participants who were 
born in Helsinki in 1934-1944. In years 2001-2004, 2003 of the study participants 
attended a clinical examination and, in years 2011-2013, 1094 of them 
participated in a follow-up clinical examination. Maternal and offspring 
childhood characteristics were obtained from hospital birth records and school 
welfare records. Offspring functioning was evaluated with a SF-36 questionnaire, 
asthma was defined as having received special reimbursement for asthma 
medication, glucose metabolism was assessed with an OGTT, and physical 
activity was measured with a multisensory body monitoring device. 

This thesis suggests that maternal BMI predicts offspring long-term health in 
a sex-dependent way. Findings from the studies are discussed in the following 
chapters. Figure 10 shows a brief overview of the thesis.  

 



 

 

Figure 10 Brief overview of thesis 

 



 

 

We examined the association between maternal BMI in pregnancy and offspring 
physical and psychosocial functioning in late adulthood in a cohort of 1759 
participants. Based upon the DOHaD concept we hypothesized that maternal BMI 
would result in an increased risk of poorer functioning in the offspring. The main 
finding of the study was that maternal BMI was associated with a poorer physical 
and psychosocial functioning in men, while there were no associations in women. 
The association of maternal BMI and physical functioning in men was 
independent of parity, gestational age, childhood SES, age, smoking status, birth 
weight, adulthood BMI and maternal age. 

Additional adjustment for birth weight further strengthened the association 
between maternal BMI and physical functioning in men. Birth weight was 
independently associated with physical functioning and psychosocial 
functioning in adulthood. The association between birth weight and physical 
functioning has been reported previously in HBCS, while the relation of birth 
weight and poorer mental wellbeing and functioning has been reported in other 
cohorts [203, 317, 318]. 

Maternal obesity has been identified as a risk factor for offspring obesity and 
obesity has in turn been associated with poorer physical and psychosocial 
functioning [21, 162, 195]. Nonetheless, in the present study, adjustment for 
adulthood BMI did not alter the results and the associations of maternal BMI and 
physical functioning in men was significant regardless of adjustment for 
adulthood BMI.  

To our knowledge, this study presented for the first time the associations of 
maternal BMI and functioning or HRQoL in adult offspring. While underlying 
mechanisms of our findings cannot be identified based on this epidemiological 
finding, we hypothesize that developmental programming may be a contributing 
factor. Maternal obesity in pregnancy has been found to alter metabolic and 
inflammatory pathways of the fetus and these changes may have long lasting 
effects on offspring later health [124]. Furthermore, maternal BMI has been 
associated with noncommunicable diseases in offspring, including 
cardiovascular events and type 2 diabetes [19, 20]. These adverse health 
outcomes have in turn been identified as risk factors for impaired functioning 
and may thus contribute to our findings [319, 320].  

In this study, we observed different outcomes in men and women. Sex 
differences are common in experimental and observational studies focusing on 
developmental programming, indicating that male and female fetuses may 
respond differently to environmental influences [144]. Previously in the HBCS, 



 

 

maternal BMI has been found to associate with type 2 diabetes and stroke, 
particularly in women, and with coronary heart disease specifically in men [20]. 
Hypothetically, sex differences in our findings may also derive from lifestyle 
differences between sexes that we have been unable to account for. 

Based on an analytic cohort of 12,027 participants from the HBCS we examined 
the associations of maternal BMI and offspring asthma in adulthood. Our main 
finding was that there was a positive association between maternal BMI and 
offspring asthma in adult men, but not in women. These findings were 
independent of age, gestational age, parity, birth weight and adulthood SES.  

In previous observational studies maternal obesity has been found to increase 
the risk of asthma in children and adolescents [18, 168, 169]. This particular study 
is, however, to our knowledge the first study that focused on the associations of 
maternal BMI and offspring asthma in late adulthood. 

Smoking and obesity are both risk factors for asthma [297, 321]. In a 
subsample with available data on smoking status and adulthood BMI (n=6,874), 
maternal BMI was not significantly associated with offspring asthma in analyses 
adjusted for age, gestational age, parity, birth weight and adulthood SES, 
although the trend was similar as in the main analyses. Inclusion of smoking 
status and adulthood BMI in the model did not alter the results. We are unable to 
conclude whether smoking history or adulthood obesity could be mediating risk 
factors between maternal BMI and offspring asthma.  

A possible explanation to the findings is that maternal obesity results in 
several changes in offspring immune system and lung development [138-140]. 
Further, maternal high fat diet has been found to alter offspring gut microbiome 
in macaques and to result in changes in inflammatory response and in the 
development of asthma in offspring [141, 142]. Evidence from a study on mice 
suggest that maternal high-fiber diet may alter the offspring gut microbiome in 
a way that reduces development of asthma [143]. 

In this study, high maternal BMI increased the risk of asthma in men, but not 
in women. We are not able to determine the reasons for this sex difference. 
However, airway development differs in male and female fetuses in several 
aspects, which might speculatively expose the sexes differently to adverse 
conditions during development [322]  In addition, sex differences have been 
reported in a previous study on maternal obesity and offspring asthma in children 
[323]. 

 



 

 

We investigated the associations between maternal BMI and adult offspring 
glucose metabolism and insulin sensitivity with a cohort of 1440 non-diabetic 
individuals from the HBCS. The main finding of the study was that higher 
maternal BMI predicted a better glucose metabolism in non-obese men. 
Moreover, higher maternal BMI was associated with a better insulin sensitivity 
in obese men. There was no association between maternal BMI and glucose or 
insulin metabolism in women. 

In this study, we excluded individuals with diabetes, so that diabetes and 
diabetes medication would not affect the glucose and insulin measurements. 
Previously in HBCS, maternal BMI has been identified as a risk factor for type 2 
diabetes, particularly in women, while there were no associations between 
maternal BMI and offspring FPG or HOMA-IR [20, 21]. The current study adds to 
pre-existing research by including 2hPG as the main outcome, by simultaneously 
taking offspring own weight status into account and by focusing exclusively on 
offspring without diabetes.  

We hypothesized that the offspring’s body composition in adulthood may in 
part explain the results and the different outcomes in men and women. 
Previously in HBCS, both a low birth weight and a combination of a high birth 
weight and high maternal BMI have been shown to predict adverse body 
composition in adulthood [21, 324]. In the present study, men and women with 
higher maternal BMI had a more favorable body composition in the unadjusted 
model. After additional adjustment for age, BMI in adulthood, smoking status 
and LTPA, the relationship between maternal BMI and lean body mass was 
significant only in men. Skeletal muscle is the main organ for glucose uptake 
[262]. A higher muscle mass has been found to lower the risk of type 2 diabetes 
and to be associated with a better glucose metabolism and insulin sensitivity in 
individuals without diabetes [325, 326]. Speculatively, the higher amount of 
muscle mass in men born to mothers with high maternal BMI may be a protective 
factor for impaired glucose metabolism. 

With longitudinal data of 552 participants from the HBCS we studied the 
associations between maternal BMI, weight status in childhood and late 
adulthood and device-measured physical activity in older age. Childhood 



 

 

overweight, particularly in women, and adulthood overweight, in men and 
women, were independently associated with lower physical activity levels in 
older age. Participants who were normal weight in childhood and adulthood had 
the highest levels of physical activity in older age, while participants who were 
overweight both in childhood and late adulthood had the lowest levels of physical 
activity. In participants with childhood overweight, reaching normal weight by 
adulthood predicted a higher physical activity level in older age. Of the 81 
participants with childhood overweight, only 14 did, however, reach normal 
weight before late adulthood. 

There was a slightly U-shaped association between maternal BMI and TPA 
levels in older women, but not in men. However, the limited number of 
participants with high maternal BMI limit the interpretation of the findings. 
Maternal BMI did not modify the association between a change in weight status 
from childhood to late adulthood and physical activity in older age. Some 
previous observational studies in children have found associations between 
maternal obesity and offspring physical activity, while others have not [183, 185]. 
In animal studies, maternal obesity has been linked to changes in the 
hypothalamic feeding circuit and to an increased leptin resistance in the 
hypothalamus [15, 136]. In rodents, these changes are connected to lower 
physical activity [327]. 

This study suggests that adulthood overweight is a risk factor for lower 
physical activity later in life and the finding is supported by previous 
observational studies [236-243]. Obese individuals require a higher amount of 
energy to complete a certain activity than normal weight individuals [246]. In 
addition, obesity is a risk factor for musculoskeletal pain and dyspnea, which may 
cause discomfort during exercise [244, 245]. We hypothesize that these factors 
may contribute the associations of overweight and lower levels of physical 
activity. At the same time, physical inactivity has been identified as a risk factor 
for overweight and obesity [233]. The causal relationship of weight status and 
physical activity may, thus, be reciprocal. This study adds to previous research by 
examining the complex associations of overweight and physical activity from a 
life-course perspective by using clinical measurements of childhood and late 
adulthood weight status and reliable device-measured physical activity in older 
people.  

There are a few previous studies on the associations of life-course weight 
patterns and later health and diseases. Recently, a large longitudinal cohort study 
in Denmark examined the relationship between life-course patterns of weight 
status and the risk of type 2 diabetes in adults. It reported that childhood 
overweight increased the risk of type 2 diabetes only if the overweight persisted 



 

 

into adulthood and that the associations were not modified by educational 
attainment, LTPA or smoking [328, 329].  

In addition to weight status there are several other behavioral, demographic 
and biological factors that have been identified as correlates or determinants of 
physical activity, such as education, SES, activity history, smoking, or ethnic 
origin [231]. In the present study, educational attainment, smoking history and 
LTPA did not modify the associations of change in weight status and physical 
activity in older age. 

The HBCS is a longitudinal birth cohort study that includes 13,345 participants 
who were born in Helsinki, Finland in 1934-1944. A major strength to this study 
is the reliable and diverse information on participants’ life-course 
characteristics. Maternal and neonatal characteristics were collected from 
hospital birth records and childhood characteristics from school welfare records, 
which are trustworthy sources with minimal selection bias. Adulthood 
characteristics were obtained during a thorough clinical examination at the mean 
age of 61 years from 2003 participants and, further, during a follow-up clinical 
examination of 1094 participants at the mean age of 70 years. 

An extensive follow-up period provided a unique opportunity to study 
associations between maternal BMI in pregnancy and offspring health outcomes 
in late adulthood and older age. While an extensive follow-up period is primarily 
a strength, it does provide a number of confounding factors. The analyses in this 
study were adjusted for key confounding factors, although the possibility of 
uncontrolled factors cannot be excluded. Additionally, we did not possess clinical 
information about the participant in early and mid-adulthood and were thus 
unable to take characteristics in midlife into account. In general, epidemiological 
cohort studies enable examinations of associations between exposure and 
outcomes, whereas causality cannot be concluded. 

A limitation to the study is that maternal BMI was calculated by using 
maternal weight and height prior to delivery, as maternal anthropometric 
measurements before pregnancy or in early pregnancy were not recorded in 
hospital birth records at the time. Nowadays, maternal overweight is defined by 
weight status before pregnancy or in early pregnancy and excessive GWG is 
classified according to pre-pregnancy BMI [56, 57]. Maternal pre-pregnancy 
obesity and excessive GWG are, however, associated with mutual adverse 
outcomes in pregnancy and later in offspring life [77, 156-158]. We were also 
unable to adjust for GDM, as the diagnostic criteria for GDM were first introduced 



 

 

in the 1960s [330]. GDM has, in previous studies, been associated with adverse 
offspring cardiovascular outcomes and the combination of maternal obesity and 
GDM had the greatest association with offspring outcomes [165]. In addition, we 
could not control for paternal characteristics, since information about the fathers 
was not available in hospital birth records. 

A strength of the study is the use of main outcomes that are acquired from 
reliable sources, either from validated questionnaires, the clinical examinations 
or from registers provided by the Social Insurance Institution of Finland. Physical 
and psychosocial functioning were evaluated with the validated Finnish version 
of the SF-36, which has been found to accurately estimate health functioning in 
the Finnish population [210].  

Asthma was defined as receiving special reimbursement for asthma 
medication, which is a register-based and objective method of defining asthma. 
However, the treatment for asthma and COPD partly overlaps and some 
individuals who received special reimbursement for asthma medication may in 
truth have suffered from COPD instead of or in combination with asthma. This 
method of defining asthma may also ignore some individuals with mild asthma, 
as the criteria for special reimbursement of asthma medication include regular 
drug use. Another strength in regard of asthma diagnosis is that we had 
information about the date of the diagnosis and were thus able the perform the 
analyses with Cox proportional hazard model. 

Participants’ glucose and insulin concentrations were obtained from blood 
tests during a two-hour OGTT at the clinical examination. OGTT is a standard 
test for assessing glucose metabolism and HOMA-IR is considered an appropriate 
instrument for describing insulin sensitivity in epidemiological studies [268, 
314]. 

Physical activity in older age was based on objective measurements. Body-
worn monitoring devices are considered a reliable method of estimating physical 
activity, particularly in older people. Older people generally engage in physical 
activity that is lower in intensity, which is often hard to estimate with 
questionnaires [331].  

The study cohort is limited to individuals who were born in one of the two 
largest delivery hospitals in Helsinki in 1934-1944 and who attended child 
welfare clinics in Helsinki. Since these clinics were free of charge, most families 
did attend them. Still, attendance was voluntary, and the study population might 
therefore not completely represent the general population of Helsinki at the 
time. For example, the study does not include individuals who were born at 
private clinics. Some families in extreme poverty may not have had the capacity 
to attend the appointments at the child welfare clinics. Nevertheless, childhood 



 

 

SES in the cohort was comparable with the distribution of SES in and around 
Helsinki at the time, as about 60% of the fathers were laborers [332]. 

Studies I and III included participants who were alive at the time of the 
baseline clinical examination and who were willing and able to attend the 
examination. The analytic cohort of study IV included individuals who were alive 
at the time of the follow-up clinical examination and who were willing and able 
to attend the examination. This study design may potentially contribute to a 
survival bias. In addition, individuals with diabetes were excluded from study III, 
so that diabetes and diabetes medication would not interfere with the results. 
This selection could potentially result in a selection bias. 

Finland has changed a lot since the 1930s and 1940s. It has evolved from a 
developing country to a highly developed nation. The participants in this cohort 
were born just before or during World War II, which may have had an impact on 
their health and the health of their mothers. Food culture was considerably 
different at the time and today food is no longer scares, but rather of abundance. 
As a consequence, pregnant women today are overweight and obese to a different 
extent than the mothers in our study. These factors do limit the generalizability 
of the findings to the population of Helsinki or Finland today. Nonetheless, 
several contemporary nations today still exhibit conditions comparable with the 
1930s and 1940s Finland. 

Findings from the present study add to our understanding of maternal 
overweight as an early life risk factor for adverse health outcomes later in life. 
Maternal BMI was associated with a poorer physical and psychosocial functioning 
and with an increased risk of asthma in men in late adulthood. These findings 
support pre-existing research that suggest maternal overweight may affect 
offspring health in a sex-dependent way through developmental programming. 
Further, the present study adds to previous research by suggesting that some of 
the associations can still be observed in the offspring in late adulthood. 

Contrary to our hypothesis, maternal BMI was associated with a better 
glucose metabolism in non-obese men. A favorable body composition was 
identified as a potential underlying factor for the association. This study 
demonstrates the complexity of the associations between maternal overweight 
and offspring cardiometabolic outcomes later in life. 

The main finding of study IV was that overweight in childhood, particularly 
in women, was associated with lower physical activity in older age and that 
reaching normal weight after childhood was associated with improved physical 



 

 

activity levels at old age. Increased emphasis on weight control in children could, 
accordingly, improve physical activity in older persons and contribute to active 
and healthy aging. 

Overweight and obesity in women of childbearing age has increased in 
prevalence globally, resulting in a pressing need to understand long-term 
consequences of maternal obesity. Increased awareness in maternal obesity as a 
risk factor for offspring long-term health should be raised among health care 
providers and among women of childbearing age. Improved understanding of 
these associations could help directing resources to primary prevention of 
obesity in young women and, subsequently, have a beneficial effect on the long-
term health of their offspring. 

Incomplete information on maternal and paternal characteristics limits the 
interpretation of findings from this cohort. The findings should be confirmed in 
a more contemporary cohort, in which maternal pre-pregnancy BMI, GWG and 
GDM could be separately considered. In a more modern cohort, maternal obesity 
would also likely be more common and maternal lifestyle, e.g., physical inactivity 
and eating habits, could be considered. On the other hand, the follow-up time 
would be shorter in a more recent cohort, and it could thus complement, but not 
elude the findings from the present study. Furthermore, it would be interesting 
to control our findings in sophisticated observational studies with information 
on paternal obesity or sibling-comparisons, in order to gain insight in the 
causalities of the findings. Intervention studies could also be conducted to 
examine how increased efforts for weight control in young women effect the 
long-term health of their offspring. 

The follow-up has continued in the HBCS, although the sample size has 
decreased as the participants get older. The continued follow-up enables 
exploring associations between maternal obesity and offspring outcomes in the 
oldest old population. In addition, we do have access to epidemiological data of 
the study participants’ children. Maternal obesity could potentially generate a 
vicious circle in which the risk for obesity increases for every generation. This 
hypothesis would be interesting to explored with a transgenerational study 
design. 



 

 

In this doctoral thesis we have examined associations between maternal BMI and 
offspring health outcomes in late adulthood. The following conclusions can be 
drawn from the study: 

 
1. Maternal BMI predicted poorer offspring physical and psychosocial 

functioning in men in late adulthood. There was, however, no association 
in women, suggesting a sex-dependent association.  
 

2. There was a positive association between maternal BMI and offspring 
asthma in adult men, while there was no association in women.  

 
3. Higher maternal BMI was associated with a better glucose metabolism in 

non-obese men. Men with higher maternal BMI had a greater lean body 
mass, which may contribute to the findings. 
 

4. There was a slightly U-shaped association between maternal BMI and 
offspring physical activity in older age in women, but not in men. 
Childhood overweight, particularly in women, and adulthood 
overweight, in men and women, were associated with lower levels of 
physical activity in 70 years of age. In individuals with childhood 
overweight, reaching normal weight after childhood was associated with 
higher physical activity levels in older age. 
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