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Abstract 

An adverse uterine environment is thought to program blood pressure (BP) later in life, 

most likely due to fetal under-nutrition.  This study examines the relationships between adult 

systolic blood pressure (SBP) and diastolic blood pressure (DBP), birth weight, and maternal 

nutritional status and dietary intake during pregnancy. This study draws on a large sample 

(n=1632) of Filipino young adults aged 20-22 using data from the Cebu Longitudinal Health and 

Nutrition Survey (CLHNS), a community-based birth cohort study in Cebu City, Philippines 

begun in 1983.  The baseline maternal survey was given at 30 ± 4 weeks gestation and the 

children were surveyed at birth and through childhood into adulthood.  A series of linear 

regression models was used to examine the relationship between SBP and DBP to birth 

outcomes, maternal nutritional status during pregnancy as measured by triceps skin fold 

thickness, and dietary intake during pregnancy while controlling for socioeconomic status, age, 

height, BMI of the young adults, and other confounders.  Birth weight was inversely related to 

SBP in males, and birth weight and length were inversely related to DBP in males.  Maternal 

triceps skin fold thickness was inversely related to SBP and DBP in males and to DBP in 

females.  Components of the mother’s diet during pregnancy had varying relationships with the 

young adult BP of male and female offspring.  Maternal nutritional status and dietary intake 

during pregnancy have implications for offspring’s BP regulation later in life. 
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Introduction 

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality worldwide.  

In the Philippines, CVD caused 27% of all deaths in 2002 (WHO 2005).  The risk factors for 

CVD in adulthood have been widely studied.  They include high blood pressure, smoking, lack 

of physical activity, age, and stress (National Heart Lung and Blood Institute, 2009).  More 

recently, studies have been examining causes of CVD that emerge during early development.  

These studies attempt to explain whether an individual’s susceptibility to chronic disease later in 

life can be “programmed” by early life experiences, specifically those in utero.  It is 

hypothesized that the intrauterine nutritional environment affects fetal growth, which influences 

the expression of cardiovascular disease later in life.  Thus far, study results have been 

inconsistent in that they have found direct, inverse, or no relationship between birth weight or 

birth length and CVD.  Studies examining the relationships between maternal nutrition status 

during pregnancy, maternal dietary intake during pregnancy, and CVD in adulthood have not 

gathered consistent results either.  Therefore, the programming of CVD is still debatable. 

In this study, we use data from the Cebu Longitudinal Health and Nutrition Survey 

(CLHNS). We aim to examine the relationship between size at birth and systolic blood pressure 

(SBP) and diastolic blood pressure (DBP) in Filipino young adults, before and after taking into 

account maternal nutritional status and dietary intake during pregnancy, using BP as a measure 

of risk for CVD.  This comprehensive, longitudinal data allows us to examine the long-term 

effects and relationships between health, culture, and behavior.  Few studies have examined 

human maternal dietary intake during pregnancy and its effects on long-term health.  Lastly, very 

few longitudinal studies have taken place in countries undergoing the nutrition transition, where 

changing dietary intake is changing the development of chronic disease.  Using the CLHNS data, 
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we will test the hypothesis that birth weight, maternal dietary intake, and maternal nutritional 

status during pregnancy predict adult offspring blood pressure.   

DOHaD 

 Developmental Origins of Health and Disease (DOHaD) is a model that explains how 

CVD and early life experiences, such as birth outcomes, maternal dietary intake and nutritional 

status during pregnancy, could be related.  Much research has shown that early life events that 

determine susceptibility to disease in adulthood do not occur specifically in untero during the 

period of fetal development, but can also occur throughout the period of developmental 

plasticity.  The word “developmental” rather than “fetal” encompasses both the fetal period and 

the period of infancy.  Secondly, DOHaD incorporates ideas about disease, and also about health 

(Gluckman and Hanson, 2006).  DOHaD can be used in public health and health education 

programs and presents a new way of thinking about how early life events affect adult health and 

disease.  

Programming can be defined as the “permanent or long-term change to the physiology, 

morphology, or metabolism of a fetus in response to a specific insult or stimulus at a critical 

period in development” (Langley-Evans et al. 1998).  Thus, events early in life, such as 

nutritional deficiency in utero, play a strong role in impacting susceptibility to the metabolic 

syndrome which leads to chronic, non-communicable diseases later in life including non insulin-

dependent diabetes mellitus, coronary heart disease, and hypertension (Harding, 2001; Philips 

1998; Barker and Martyn, 1992; Kuzawa 2004).  For example, cardiovascular disease could be 

the outcome of short-term fetal physiological adjustments to under-nutrition that are crucial to 

survival, but have harmful effects in life post-reproduction (Godfrey and Barker 2001). 
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Programming of tissues and organs occurs during a “critical period” during development 

when physiological changes can become fixed.  During this time, fetuses are “plastic” and are 

subject to environmental influences (Godfrey and Barker 2001).  The critical period occurs at 

various stages throughout embryonic and fetal development with different organs and tissues 

developing during different critical periods (Symonds et al. 2006).  

 Several ideas in relation to life history theory can explain the relationship between early 

life events and the development of disease in adulthood.  These include the thrifty phenotype, 

predictive adaptive response, environmental mismatch, or developmental programming.  All of 

these theories claim that fetuses receive signals from their environment, and adapt to their 

environment, which will help them better cope with environmental stressors later in life (Silveira 

et al. 2007).   In particular, adapted fetuses will be better prepared to cope with the stressors that 

the mother encountered during her pregnancy about which the “signal” is conveyed to the fetus. 

However, if the postnatal environment differs from the predicted environment, the adaptation can 

actually be harmful and there is increased risk of disease.  For example, low birth weight babies 

who are born into an affluent environment are at a higher risk for coronary heart disease, 

hypertension, and type 2 diabetes (Bateson et al. 2004).  This possibly occurs because their 

bodies have been programmed metabolically for a low resource environment but they experience 

nutritional abundance. 

 Much animal model data and human epidemiological data support DOHaD, however, the 

exact biological mechanisms are not yet fully understood.  Recently, epigenetic mechanisms to 

explain DOHaD have come into view.  Epigenetics is the study of heritable changes in DNA 

caused by reasons other than alterations in the DNA sequence.  These changes include histone 

modification, DNA methylation, and DNA-binding proteins.  The epigenetic hypothesis for the 



4 
Journal of Undergraduate anthropology 

 

development of disease states that early environmental stressors and influences trigger epigenetic 

changes, which affect chronic disease risk.  For example, DNA hypo- and hypermethylation has 

been implicated early in atherogenesis, the formation of plaques that leads to CVD (Waterland 

and Michels 2007). 

Birth Weight and Maternal Nutrition and Diet During Pregnancy 

Nutrition is a major programming stimulus and the mechanisms by which maternal 

under- or over-nutrition lead to low birth weight may contribute to understandings of DOHaD.  

Maternal under-nutrition could result from low intake of nutrients due to restricted food access or 

famine.  Inadequate or improper maternal nutrition leads to intrauterine growth retardation 

(IUGR), which manifests as thinness and decreased birth length and weight, which lead to 

increased BP later in life. However, a distinction must be made between maternal nutrition and 

fetal nutrition, which is the total supply of metabolic substrates to the fetus (Harding 2001).  

According to Harding, fetal growth is at the end of a chain of events including maternal diet, 

maternal metabolic and endocrine status, placenta transport, umbilical blood flow, and finally 

fetal uptake.  If the chain of events has a large margin of error, changes in maternal diet may not 

influence fetal growth strongly (Harding 2001).  Hence, the fetus may be buffered from maternal 

environment.  

Few studies have been conducted in humans using measures of maternal nutrition or 

maternal dietary intake to test the idea that nutrition is a programming stimulus. Animal studies 

have shown that decreasing protein intake during pregnancy leads to reduced birth weight and 

increased blood pressure later in life (Langley-Evans et al. 1998).  Laura et al. used maternal 

anthropometric variables (pre-pregnancy weight and BMI) and weight at the end of the 

pregnancy as a measure of maternal nutrition to show that these variables have positive 
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associations with SBP and DBP in male and female adolescents in a developing country (Laura 

et al. 2010).  Adair et al. found that higher SBP and DBP in adolescent boys are associated with 

low maternal fat stores at around 30 weeks gestation.  Further, SBP in adolescent boys was 

inversely related to the percent of the mother’s energy intake from protein during late gestation 

and SBP and DBP were inversely related to mother’s percentage of energy intake from fat during 

pregnancy (Adair et al. 2001). 

Birth Weight and Blood Pressure 

Human studies on the relationship between birth weight and blood pressure have obtained 

varied results.  A study of 49-year old Swedish men found that adult systolic blood pressure 

(SBP) was not correlated with birth weight (Siewert-Delle and Ljungman 1998).  Another study 

comparing SBP to either full term or pre term birth weight at 2.5 years found the same result 

(Bracewell et al. 2007).  Conversely, others have found an inverse relationship between birth 

weight and blood pressure (Davies et al. 2006; Gamborg et al. 2007), including research from the 

Guangzhou Biobank Cohort Study in a developing Chinese population (Schooling et al. 2010).  

Further, the Bogalusa Heart Study, a longitudinal study conducted on 16,000 adults and children 

in Bogalusa, Louisiana, showed that low birth weight was associated with higher SBP in 

adolescence, and that association was amplified with age from adolescence to adulthood, even 

after adjusting for race and BMI (Chen et al. 2010).  On the other hand, other studies have found 

no association between birth weight and BP, especially when BP is measured in infancy 

(Hindmarsh et al. 2010) or in adolescence (Falkner et al. 2003).  Thus, findings regarding 

relationships between birth weight and BP are inconsistent. 
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Nutrition Transition 

 This study sheds light on the relationships between health, nutrition and cultural factors.  

The nutrition transition refers to the range of sociocultural, demographic, as well as biological 

effects of globalization, which cause a shift in diet and physical activity patterns.  In countries 

undergoing the nutrition transition, diet shifts towards a higher fat and meat content and reduced 

carbohydrate and fiber content.  Physical activity shifts from labor intense agricultural activities 

to more manufacturing and service jobs, both of which are more sedentary (Popkin 1997).  As a 

result of the transition, people are consuming more energy and activity is becoming idler.  These 

shifts are appealing, but have detrimental effects on health.        

 The changes in diet and physical activity have caused the incidence and prevalence of 

obesity to increase, especially in middle- and low-income countries.  In 2004, Adair found that in 

Cebu, the rate of overweight and obesity increased from 6% in 1983-1984 to 35% in 1998-1999, 

an approximately six-fold increase.  This increase corresponds with economic changes exhibited 

by increased household income and ownership of consumer goods, a shift to foods higher in fat, 

a reduced burden of household work, and more sedentary jobs.  The incidence and prevalence of 

obesity and overweight is highest in higher SES households, but is increasing in poorer 

households also.   

Increases in income and assets affect diet and activity patterns.  In Cebu, women learn 

skills to set up their own businesses, and one in seven women own their own “sari-sari” shops.  

The work is mostly sedentary and there is high access to snack foods.  Work away from home is 

associated with higher weight gain in this population.  Furthermore, income increases with 

increased work hours, and higher income is related to dietary changes, such as eating foods with 

higher fat content (Popkin 2003).  Thus, this population is undergoing the nutrition transition.   
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In Cebu, it was found that increasing socioeconomic status and urbanicity is directly 

associated with a more obesogenic diet.  Urbanicity is rated on an “urbanicity index” and the 

most urban community would have the greatest population size and density, most 

communication, transportation, healthcare services, education and market availability (Kelles 

and Adair 2009).  The resulting weight gain due to these changes in Cebu is associated with 

health consequences such as obesity and risk for hypertension (Popkin 2003).  The health trend 

among Cebu women is consistent with the same trend in other developing countries where 

increasing obesity is significantly directly associated with BP (Adair 2004).  Thus, this 

population is more likely to develop metabolic syndrome, the metabolic risk factors that 

predispose individuals to CVD and diabetes, than if globalization and the transition had not 

occurred. 

The nutrition transition can take place in a single lifetime if the individual is born into a 

pre-westernized diet and physical activity pattern but shifts to a diet higher in fatty foods and low 

physical activity.  When individuals go through the nutrition transition during their life, they are 

at an especially increased risk for noncommunicable chronic diseases (NCD’s).  Such individuals 

encounter a “dual burden”.  They are underweight during infancy and childhood, but as they 

undergo the nutrition transition, they are at a higher risk of developing NCD’s.  The dual burden 

individuals are actually more likely to develop metabolic syndrome than those who have not 

undergone a transition, possibly due to DOHaD.  The individual as a fetus and an infant adjusts 

to a “pre-westernized” diet and the changeover to a diet high in fat and processed or fast food 

distresses the body.  It is common for under-nutrition and over-nutrition to coexist in populations 

experiencing the nutrition transition (Doak et al. 2005; Popkin 2009).  Our findings support this 

idea that the impacts of cultural and dietary change, which are underway in the Philippines and 
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many similar places around the world, will be worse for individuals who began life with poorer 

nutrition.  Thus, poor early nutrition can exacerbate the negative impacts of gaining weight later 

in life.  

Materials and Methods 

Survey Design and Sample 

The data for this project come from the Cebu Longitudinal Health and Nutrition Survey 

(CLHNS), an ongoing, community-level survey that follows a cohort of 3080 women and their 

infants born between 1983 and 1984.  All pregnant women were invited to participate in the 

surveys as long as they gave birth between that interval.  The refusal rate was very low (<3%), 

and there are no data on those mothers who refused to participate.  The women lived in 33 

randomly selected communities in Metro Cebu, the second largest metropolitan area of the 

Philippines.  The communities include urban neighborhoods and more isolated rural villages 

(Adair et al. 2001). The CLHNS data were collected from 1983 to 2007 and the data for this 

analysis come from data collected from mothers during their third trimester of pregnancy (30±4 

weeks in 1983-1984), from their offspring at birth (1983-1984), and from the 2005 survey, when 

the offspring were between 20 and 22 years of age.  Complete blood pressure, anthropometric, 

environmental, and sociodemographic data were available for 1632 of the initial 3080 infants.  

Informed consent was obtained from all study participants and the use of human subjects was 

approved by the institutional review boards at Northwestern University and University of North 

Carolina.   

Data Collection 

At baseline, trained interviewers took mothers’ anthropometric measures, and mothers 

were asked to complete a single 24-hour dietary recall.  Triceps skin fold thickness and dietary 
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intakes of protein, fat, and total energy intake at about 30 weeks of gestation were used as 

measures of maternal nutritional status during pregnancy. The Philippines Food Composition 

Tables were used to calculate energy and nutrient intakes.  The mother’s percent of energy from 

protein, and total energy intake were used in the models.  Percent of energy from fat and 

carbohydrates were not used in the models due to colinearity with the other measures of dietary 

intake. 

Infant length at birth was measured less than 6 days after birth by trained staff with 

custom length boards.  Infants born in hospitals were measured with hospital scales and birth 

attendants who were trained in the use of hanging Salter scales measured infants born at home.  

Gestational age was estimated from the mother’s last menstrual period.  Body mass index (BMI) 

was calculated to measure relative weight (Adair et al. 2001). 

Anthropometric measurements of the young adults’ weight and height, arm, hip, and 

waist circumferences, and triceps and subscapular skin folds were taken using standard 

anthropometric techniques (Lohman et al. 1988).  The young adults were asked to do two 24-

hour dietary recalls on consecutive days.  The mean of the recalls was used in the analysis. The 

young adults’ percent of energy from fat, and total energy intake were included in the models.  

Physical activity was not included in the models because it was not accurately measured.  The 

young adults were asked if they currently smoked, and if they had smoked in the past.  Systolic 

and diastolic blood pressure was measured three times for each individual using a mercury 

sphygmomanometer and the mean was used in the analysis.  The mother’s blood pressure in 

2005 was measured by the same interviewer, but it was not measured at baseline.  

Socioeconomic status of the household was estimated by total deflated household income and the 

possession of household assets, such as air conditioning, or an electric fan.  Socioeconomic 
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variables are not directly related to blood pressure, but affect it more indirectly through other 

factors such as nutritional status and diet (Adair et al. 2001).  Individuals who were not included 

in this analysis due to missing data did not have significantly different measures of birth length, 

weight, and blood pressure than those that were included. 

Analysis Methods 

 All analyses were conducted using version 10 of Stata. Here, we stratify our analyses on 

sex based on previous reports that fetal programming differentially affects male and female 

fetuses.  The outcome variables, SBP and DBP, were treated as continuous variables by ordinary 

least-squares regression.  Variables that were not normally distributed (mother’s triceps skin fold 

thickness, adult offspring’s current energy intake, and deflated household income) were log 

transformed to create a normal distribution.  Offspring’s sex, offspring’s smoking, and mother’s 

vitamin use were treated as nominal variables.  Offspring’s birth weight (kg), birth length (cm), 

and current age, height (cm), BMI (kg/m2), energy intake (kcal), and percent of energy from fat 

were treated as continuous variables as were mother’s triceps skin fold thickness (mm), height 

(cm), energy intake during pregnancy (kcal), and percent of energy from protein during 

pregnancy.    

 A correlation matrix was created to detect any relationships between the outcome and 

predictor variables (Tables 2 and 3).  Upon inspecting the table, we see that SBP and DBP are 

positively correlated with offspring’s adulthood height and BMI, as expected.  Thus, during 

regression analysis, BMI and weight should be included as controls to better understand the 

relationship between birth weight and adulthood BP.   

A series of regression models were created to elucidate the relationships between the 

outcome and predictor variables. In model one, the relationship between birth outcomes (birth 
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weight and birth length) and young adults’ SBP and DBP were examined while controlling for 

adulthood age, height, and BMI.  Model two adds maternal anthropometric variables during 

pregnancy (height and triceps skin fold thickness).  Model three adds variables measuring 

maternal dietary intake during pregnancy (total energy intake, percent of energy from protein, 

and vitamin use). Model four adds variables measuring the young adult’s current diet (total 

energy intake and percent of energy from fat).  Model five adds the young adult’s lifestyle 

variables and measures of socioeconomic status (smoking, household income, urbanicity, and 

assets).  Model six adds the mother’s current BP.   

Results 

 Table 1 presents descriptive characteristics of the study participants.  Compared to age-

matched US men (McDowell et al. 2005), the Cebu young men in this sample were shorter 

(mean height: 162.95 cm vs. 176.0 cm in Cebu and US, respectively) and thinner (mean BMI: 

20.99 kg/m2 vs. 27.8 kg/m2).  Compared to age-matched US women, the Cebu young women in 

this sample also were shorter (mean height: 151.17 cm vs. 162.10 cm) and thinner (mean BMI: 

20.39 kg/m2 vs. 28.20 kg/m2). In this sample, 97.05% of males and 97.17% of females had a 

BMI below the age- and sex-specific median of the US.  A total of 11.33% of males and 13.76% 

of females reported smoking currently, and 8.85% of males and 10.83% of females were born at 

a low birth weight (<2.5 kg).  Prepregnancy BMI data was not collected.  The upper limit of a 

normal, healthy SBP is 120 mm Hg and 15.94% of males and 2.55% of females are above that 

limit.  The upper limit of a normal, healthy DBP is 80 mm Hg and 24.79% of males and 5.48% 

of females are above that limit.  

There were some significant univariate correlations between birth weight and SBP or 

DBP in males and females. Tables 2 and 3 present correlation matrices for modeled variables and 
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potential confounders.  It is not uncommon for many variables to be intercorrelated.  For 

example, income may be in the pathway of nutritional status as measured by triceps skin fold 

thickness and height, or BMI, which would cause correlations.  Gestational age was taken out of 

the models because it had no significant main effect and did not modify the effects of birth 

weight or length.  The adolescent’s household socioeconomic status and lifestyle factors were 

not significantly associated with BP and did not change the relationship of the maternal or birth 

characteristics to BP.  

Systolic BP 

 In males, there was a significant inverse relationship between birth weight and SBP after 

controlling for age, height, and BMI (Table 4, model 1).  In males, lower birth weight predicts 

higher adulthood blood pressure.  Furthermore, lower birth weight in combination with a higher 

adult BMI puts the individual at an even greater risk for elevated SBP in adulthood (Figure 1).  

SBP was significantly associated with age, height and BMI in males and with BMI and height in 

females.  In females, there was no significant relationship between birth outcomes and SBP 

(Table 5, model 1).  Mother’s triceps skin fold thickness during pregnancy was significantly 

inversely related to SBP in males but mother’s height did not affect the model (Table 4, model 

2).  The relationship between SBP and birth weight slightly lessened when variables of maternal 

nutritional status during pregnancy were added.  Maternal anthropometric variables during 

pregnancy were not related to SBP in females (Table 4, model 2).   

 Relationships between maternal diet during pregnancy and SBP differed in males and 

females.  In males, the mother’s total energy intake was directly associated with SBP and the 

mother’s percent of energy from protein was inversely related to SBP (Table 4, model 3).  In 

females, the mother’s percent of energy from protein was directly associated with SBP, and the 
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mother’s vitamin use was inversely related to SBP (Table 5, model 3).   When birth weight and 

birth length were removed from the models (not shown), the relationship of the mother’s height 

and mother’s skin fold thickness during pregnancy to SBP was approximately unchanged in 

males and females.  Measures of the male’s current diet were unrelated to SBP, but females’ total 

energy intake currently was significantly associated with SBP (Table 5, model 4).  As stated 

above, current lifestyle factors and socioeconomic status were not related to SBP (Tables 4 and 

5, model 5).  Mother’s current SBP was significantly related to SBP in males and females 

(Tables 4 and 5, model 6).   

Diastolic BP 

 In males there was a significant inverse relationship of birth weight and birth length to 

DBP after controlling for age, height, and BMI (Table 6, model 1).  In males, lower birth weight 

predicts higher adulthood blood pressure.  Furthermore, a lower birth weight in combination with 

a higher adult BMI puts the individual at an even greater risk for elevated DBP in adulthood 

(Figure 2).  DBP was significantly associated with age and BMI in males and with BMI and 

height in females.  In females, there was no significant relationship between birth outcomes and 

DBP (Table 7, model 1).  In males and females, the mother’s triceps skin fold thickness during 

pregnancy was significantly inversely related to DBP but mother’s height did not affect the 

model (Table 6, model 2).  In males, the relationship between DBP and birth weight slightly 

lessened when variables of maternal nutritional status during pregnancy were added (Table 6, 

model 2).   

 In males, there was no significant relationship between maternal diet during pregnancy 

and DBP or between the male’s current diet and DBP (Table 6, models 3 and 4).  In females, 

there was a significant association between the mother’s percent of energy from protein during 
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pregnancy and DBP, and between the female’s current total energy intake and DBP (Table 7, 

models 3 and 4).  Lifestyle factors and socioeconomic status were not related to DBP in males or 

females (Tables 6 and 7, model 5).  Mother’s current DBP was significantly related to current 

DBP in males and females (Tables 6 and 7, model 6).   

Discussion 

 We found an inverse relationship between birth weight and SBP and DBP in males and 

also between maternal nutritional status during pregnancy and SBP and DBP in males.  The 

effects of the composition of the mother’s diet during pregnancy varied between males and 

females.  Also, the mother’s current BP was positively associated with the adult offspring’s BP.  

These results suggest that birth weight is a significant predictor for adulthood blood pressure and 

also provide some evidence for fetal programming of blood pressure.   

Consistent with other human studies (Davies et al. 2006; Gamborg et al. 2007; Schooling 

et al. 2010) this analysis found an inverse relationship of birth weight to SBP in males and an 

inverse relationship of birth weight and birth length to DBP in males in a sample of 847 males.  

When birth weight was separated into quartiles and adjusted for confounders, the lowest quartile 

of birth weight predicted the highest SBP or DBP in adulthood (Figures 3 and 4), which is 

consistent with literature (Primatesta et al. 2005; Levitt et al. 1999).    

After controlling for potential confounding factors, we found a strong inverse relationship 

between birth weight and SBP and DBP.   This is a much more robust change in comparison to 

the change in a similar age group in the US (Huxley et al. 2002; Davies et al. 2006). This 

phenomenon is not well understood but could be due to differing components of dietary intake in 

pregnant mothers in Cebu versus the US or due to differential access to nutritious foods.  An 

analysis similar to this one conducted on the same cohort of individuals when they were 
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adolescents also found an inverse relationship between birth weight and SBP, but the relationship 

is weaker than the one we report (Adair et al, 2001).  Hence, the findings of this analysis suggest 

that the inverse relationship between birth weight and SBP is sustained from adolescence 

through adulthood and that the relationship between birth weight and BP amplifies with age.   

 Human studies examining maternal nutritional status during pregnancy are few.  In a 

large study of Israeli youth, Laor et al. found that maternal anthropometric variables during 

pregnancy, including maternal BMI and weight gain, were not related to the offspring’s BP at 

age 17 (Laor et al. 1997), but Godfrey et al found an inverse relationship between mother’s 

triceps skin fold thickness and SBP in a sample of 10-12 year old Jamaican children (Godfrey et 

al. 1994). Similarly, the study done by Adair and Kuzawa on this same sample also found an 

inverse relationship between maternal fat stores and SBP and DBP in boys (Adair et al. 2001). 

Consistent with the Adair finding, this study also uncovered an inverse relationship between 

mother’s triceps skin fold thickness to SBP in males, and to DBP in males and females.  This 

suggests that maternal nutrition status is a fundamental programming stimulus.  

 As shown in animals through dietary restriction, poor maternal nutrition, which generates 

an unsatisfactory intrauterine environment, is a causal factor in programming and can lead to 

higher BP later in life. Animal studies have found that decreasing the amount of protein during 

pregnancy leads to reduced birth weight and increased blood pressure later in life (Langley-

Evans 2001; Woods et al. 2001).  Thus, maternal nutrition may be a prime programming 

stimulus. Our analysis included the mother’s total energy intake and the percent of energy intake 

from protein in the diet during pregnancy.  In males, SBP was directly related to the mother’s 

total energy intake and inversely related to the mother’s percent of energy intake from protein, 

which is consistent with the animal model above.  In females, SBP and DBP were directly 
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related to the mother’s percent of energy intake from protein, and the mother’s vitamin use 

during pregnancy was inversely related to SBP.   

 A study by Shiell et al found that Scottish mothers who consumed a high meat, low 

carbohydrate diet during the second half of their pregnancies had offspring with elevated SBP at 

27 to 30 years of age (Shiell et al. 2001). This is consistent with the findings of Campbell et al 

that a high protein, low carbohydrate diet led to higher SBP (Campbell et al, 1996).  In this 

analysis, the relationships of females’ SBP and DBP to protein are consistent with the Shiell and 

Campbell findings.  However, Thone-Reineke et al. found that high maternal protein intake 

during pregnancy leads to higher SBP in boys, not girls (Thone-Reineke et al. 2006).  Thus, 

human studies of the relationship between maternal protein intake and offspring are 

inconclusive.  This issue would benefit from investigation of the mechanisms, rather than just 

epidemiological evaluation. 

 Maternal total energy intake during pregnancy was unrelated to SBP in females and to 

DBP in both females and males.  This proposes that dietary composition may affect fetal 

programming more than total energy intake. Roseboom et al found similar results in a study of 

Dutch adults (Roseboom et al. 2001). Decrease in SBP was dependent on an increase in the 

protein to carbohydrate ratio during the mother’s third trimester of pregnancy.  Thus, the balance 

of macronutrient intake influences programming more strongly than total energy intake.   

 The finding that maternal vitamin use during pregnancy is inversely related to SBP in 

females could suggest that micronutrient composition of the mother’s diet is also playing a role 

in fetal programming.  However, this assumption is limited because since the measures of dietary 

intake are only based on one 24-hour recall, vitamin use is not a very strong indicator of 

frequency of use throughout the pregnancy.  Furthermore, data about the micronutrient content 
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of the vitamins were not collected.  The role of micronutrient composition of the mother’s diet 

during pregnancy deserves further investigation, particularly because certain micronutrients have 

a place in the pathway towards cardiovascular disease. 

 The results of this analysis show that in females, current energy intake has a positive 

relationship with SBP and DBP.  But in both instances, BP also has a positive relationship with 

the mother’s percent of dietary intake from protein during pregnancy.  Accordingly, there may be 

a complex relationship between current diet and fetal programming which compound to elevate 

blood pressure later in life.  However, a closer examination of the beta coefficients from the 

linear regression analyses shows that female’s current total energy intake is a stronger predictor 

of SBP than the mother’s percent of energy intake from protein and it is also more significant 

(Table 5).  When looking at the beta coefficients that predict DBP in females, the coefficient for 

the female’s current total energy intake is still a stronger predictor, but is slightly less significant 

(Table 7).  Thus, in females, current energy intake has a greater influence on BP than maternal 

dietary composition during pregnancy.  This is consistent with the finding that in females, birth 

weight does not predict blood pressure, and overall, fetal programming is not seen in females in 

this population.   

This study revealed distinct sex differences in the relationship between birth outcomes 

and BP in adulthood.  Recently, studies at the molecular level have begun to uncover the 

mechanisms connecting birth weight and hypertension.  Nephron number is linked to the 

expression of hypertension, and autopsies have shown that patients who had hypertension had 

fewer glomeruli in their kidneys.  A reduction in nephron number can originate in utero due to an 

adverse uterine environment, and could cause hypertension later in life (Alexander 2006).  Both 

animal and human studies have shown that males have a higher tendency towards decreased 
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renal function than females, likely due to the ratio of sex steroids.  Androgens, such as 

testosterone, enhance the progression of renal injury, whereas estrogens are protective in vivo 

(Gilbert and Nijland 2008).  

Clinical trials have examined sex differences in renal function and programmed 

hypertension.  A study conducted on 20 to 30 year olds in Norway found that growth restriction 

in utero, high blood pressure, and low renal function were all positively significantly associated.  

Furthermore, the association was stronger and more consistent in males than in females (Hallan 

et al. 2008). This is only one mechanism by which hypertension is programmed on a sex-specific 

basis.  Others include utero-placental insufficiency, maternal obesity, or maternal renal 

compromise (Gilbert and Nijland 2008; Grigore et al. 2008).  Further research into these 

pathways would help elucidate the pathway to programming of disease. 

 Mother’s current BP was found to be a significant predictor of the young adult’s current 

BP, which could suggest some genetic factors influencing BP.  It is widely accepted that genetic 

factors play a role in the pathogenesis of hypertension, and in this post-genome generation, some 

potential genes that cause hypertension have been identified, such as the angiotensinogen gene 

(AGT) and the angiotensin converting enzyme (ACE) gene (Dominiczak et al. 2004).  However, 

environmental factors also influence an individual’s susceptibility to hypertension so the positive 

relationship between the mother’s BP and child’s BP could be a result of mutual environmental 

factors that were not measured in this study.    

 The results from this study suggest opportunities for public health interventions.  If the 

role of maternal macronutrient and micronutrient dietary composition during pregnancy and its 

effects on adulthood offspring BP were elucidated, preventative measures can be initiated in 

order to change the mother’s diet during pregnancy.  Moreover, this population lives in a 
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developing country going through the nutrition transition.  Changes in diet and physical activity 

caused by the nutrition are seen in birth outcomes and measures of nutritional status.  The results 

from this study show that birth outcomes and maternal nutritional status during pregnancy have 

consequences for BP regulation later in life.  Appropriate public health interventions could 

reduce the burden of non-communicable chronic diseases. 

 Additionally, this analysis has found similar results as the study done on this same 

population when the subjects were adolescents (Adair et al. 2001).  In that study, low maternal 

energy stores were inversely related to SBP and DBP in boys, parallel to the results of this 

analysis.  Furthermore, the relationship between birth outcomes and BP in boys was also found 

in this analysis, but the relationship was intensified in comparison to the adolescent study.  

Examining amplification of the effects of fetal programming with age merits further 

investigation.  

In conclusion, this study supports the hypothesis that maternal nutritional status during 

pregnancy influences the offspring’s BP regulation in adulthood.  Low birth weight and low 

maternal nutritional status during pregnancy were inversely related to SBP and DBP in males.  

The composition of the mother’s diet during pregnancy affected the young adult’s SBP and DBP 

differently in males and females, but is consistent with animal and human studies.  The 

mechanisms of fetal programming in humans and the influence of macronutrient and 

micronutrient intake during pregnancy on hypertension warrant further study. 
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Table 1. Descriptive statistics. 
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    SBP DBP 
Birth 

Weight Age Height BMI 
Mother's 

Triceps 
Mother's 

Height 
Mother's 

kcal 
Mother's % 

protein 
Index 

Child's kcal 
Inco

me 

                

SBP  1.00             

                

DBP  
      

0.67* 1.00            

                

Birth 
Weight  0.03 0.03 1.00           

                

Age  0.02 0.00 0.05 1.00          

                

Height  
      

0.09* 
      

0.08* 
            

0.30* 0.02 1.00         

                

BMI  
      

0.34* 
      

0.26* 
            

0.11* -0.03 -0.02 1.00        

                

Mother's 
Triceps  0.00 -0.02 

            
0.21* 0.01 

      
0.16* 

      
0.12* 1.00       

                

Mother's 
Height  0.01 0.02 

            
0.21* -0.02 

      
0.47* -0.02 

                 
0.22* 1.00      

                

Mother's 
kcal  0.00 0.05 0.04 

   -
0.09

* 
      

0.12* 0.04 0.20 
                

0.14* 1.00     

                

Mother's % 
protein  0.04 0.05 0.06 0.05 0.00 -0.03 0.10 

                
0.03* -0.05 1.00    

                

Index 
Child's kcal  0.05 0.07 

            
0.08* -0.01 

      
0.14* -0.04 0.08 

                
0.13* 

            
0.21* 0.01 1.00   

                

Income   -0.05 0.00 
            

0.10* 0.03 
      

0.11* 
    -

0.07* 0.16 
                

0.08* 
            

0.20* 0.01 
                  

0.11* 1.00 

 
* P≤0.05 
Table 2. Correlation matrix: females 
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*P≤0.05 

Table 3. Correlation matrix: males. 

    SBP DBP Birth Weight Age Height BMI Mother's Triceps Mother's Height Mother's kcal 

            

SBP  1         

            

DBP      0.60* 1        

            

Birth Weight  -0.02 -0.05 1       

            

Age      0.08* 0.05           -0.00 1      

            

Height      0.11* 0.003            0.22*      0.07* 1     

            

BMI      0.33*     0.29*            0.08* -0.04      0.07* 1    

            

Mother's Triceps       0.00      0.00            0.15* 0.05      0.11*     0.21* 1   

            

Mother's Height      0.08* 0.04            0.17* 0.05      0.50*     0.11*                 0.15* 1  

            

Mother's kcal      0.07* 0.06 0.04    -0.04*      0.13*     0.10* 0.22                0.13* 1 

            

Mother's % protein     -0.09* -0.03            -0.00 0.01 -0.01 0.06 0.03 -0.02 -0.04 

            

Index Child's kcal  0.04 0.06           -0.00* -0.08      0.11*     0.19* 0.14                0.09*            0.13* 

            

Income       0.07*     0.08* 0.07 -0.01      0.11*     0.15* 0.19                0.09*            0.17* 
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*P≤0.10 
ˇP≤0.05 
‡P≤0.01 
 
Table 4. SBP in CLHNS Adult Males: ß-Coefficients from Linear Regression Models 

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Birth        

     Weight, kg -2.72ˇ -2.61ˇ -2.74ˇ -2.82‡ -2.85‡ -2.57ˇ 

     Length, cm 0.30 0.35 0.36 0.37 0.37 0.34 

Adult Offspring's        

     Age 2.79‡ 2.94‡ 3.11‡ 3.02‡ 3.12‡ 3.31‡ 

     Height, cm 0.14ˇ 0.13* 0.13* 0.14* 0.13* 0.13* 

     BMI, kg/m^2 1.18‡ 1.24‡ 1.28‡ 1.29‡ 1.27‡ 1.26‡ 

Mother's During Pregnancy        

     Triceps, mm  -3.01‡ -3.19‡ -3.09‡ -3.30‡ -3.64 

     Height, cm  0.04 0.03 0.04 0.03 0.03 

     Energy intake, kcal   0.0008* 0.0009* 0.0008 0.0009* 

     % energy from protein   -0.26‡ -0.26‡ -0.27‡ -0.28‡ 

     Vitamin use   -1.13 -1.13 -1.23* -1.11 

Adult Offspring's        

     Energy intake, kcal    -0.79    

     % energy from fat    -0.002    

     Smoking     -0.77   

     Household income     0.55   

     Assets     -0.06   

     Urbanicity     -0.01   

Mother's        

   Current SBP, mm Hg      0.05‡ 

         

Model R^2 0.126 0.133 0.146 0.157 0.1443 0.156 
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*P≤0.10 
ˇP≤0.05 
‡P≤0.01 
 

Table 5. SBP in CLHNS Adult Females: ß-Coefficients from Linear Regression Models 

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Birth        

     Weight, kg -0.42 -0.24 -0.47 -0.60 -0.54 -0.59 

     Length, cm -0.23 -0.21 -0.20 -0.19 -0.19 -0.21 

Current        

     Age 0.84 0.83 0.74 0.72 0.81 0.58 

     Height, cm 0.20‡ 0.23‡ 0.24‡ 0.24‡ 0.24‡ 0.24‡ 

     BMI, kg/m^2 1.08‡ 1.10‡ 1.10‡ 1.10‡ 1.10‡ 1.11‡ 

Mother's        

     Triceps, mm  -1.55 -1.42 -1.35 -1.29 -1.62 

     Height, cm  -0.03‡ -0.04 -0.05 -0.04 -0.05 

     Energy intake, kcal   0.00004 -0.0001 -0.00004 -0.00009 

     % energy from protein   0.15* 0.15* 0.17  ̌ 0.13* 

     Vitamin use   -1.63ˇ -1.74ˇ -1.64ˇ -1.74ˇ 

Index Child        

     Energy intake, kcal    1.69  ̌ 1.64  ̌ 1.43  ̌

     % energy from fat    -0.02    

     Smoking     0.21   

     Household income     0.06   

     Assets     -0.31   

     Urbanicity     0.006   

Mother's        

   Current SBP, mm Hg      0.03‡ 

         

Model R^2 0.124 0.127 0.126 0.142 0.145 0.149 
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*P≤0.10 
ˇP≤0.05 
‡P≤0.01 
 

Table 6. DBP in CLHNS Adult Males: ß-Coefficients from Linear Regression Models 

 
 

  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Birth        

     Weight, kg -2.50‡ -2.48‡ -2.41ˇ -2.41ˇ -2.40ˇ -2.60ˇ 

     Length, cm 0.33* 0.37* 0.34* 0.34* 0.35* 0.35 

Current        

     Age 1.63* 1.70* 1.80ˇ 1.82ˇ 1.91ˇ 3.25‡ 

     Height, cm -0.03 -0.05 -0.06 -0.06 -0.07 0.13* 

     BMI, kg/m^2 0.90‡ 0.93‡ 0.93‡ 0.92‡ 0.91‡ 1.27‡ 

Mother's        

     Triceps, mm  -1.57* -1.78* -1.87* -2.18ˇ -3.42‡ 

     Height, cm  0.05 0.04 0.04 0.04 0.03 

     Energy intake, kcal   0.0006 0.0006 0.0004 0.0009* 

     % energy from protein   -0.11 -0.11 -0.13* -0.27‡ 

     Vitamin use   -0.07 -0.11 -0.29 -1.19 

Index Child        

     Energy intake, kcal    0.03    

     % energy from fat    0.01    

     Smoking     0.21   

     Household income     0.30   

     Assets     0.23   

     Urbanicity     0.01   

Mother's        

   Current SBP, mm Hg      0.64ˇ 

         

Model R^2 0.095 0.099 0.103 0.104 0.108 0.151 
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  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Birth        

     Weight, kg 0.03 0.21 0.23 0.14 0.10 0.14 

     Length, cm -0.19 -0.17 -0.20 -0.19 -0.19 -0.20 

Current        

     Age 0.20 0.21 0.25 0.25 0.11 0.13 

     Height, cm 0.15‡ 0.16‡ 0.16‡ 0.15ˇ 0.15ˇ 0.16‡ 

     BMI, kg/m^2 0.71‡ 0.74‡ 0.74‡ 0.75‡ 0.76‡ 0.75‡ 

Mother's        

     Triceps, mm  -1.69* -2.10ˇ -2.11ˇ -2.01ˇ -2.25ˇ 

     Height, cm  -0.01 -0.01 -0.02 -0.03 -0.34 

     Energy intake, kcal   0.0006 0.0004 0.0004 0.0004 

     % energy from protein   0.15ˇ 0.15ˇ 0.16ˇ 0.14ˇ 

     Vitamin use   -0.07 -0.19 -0.15 -0.13 

Index Child        

     Energy intake, kcal    1.10* 1.20* 1.16* 

     % energy from fat    0.004    

     Smoking     0.44   

     Household income     0.22   

     Assets     -0.0002   

     Urbanicity     -0.01   

Mother's        

   Current SBP, mm Hg      0.04ˇ 

         

Model R^2 0.078 0.083 0.091 0.081 0.096 0.101 

*P≤0.10 
ˇP≤0.05 
‡P≤0.01 
 

Table 7. DBP in CLHNS Adult Females: ß-Coefficients from Linear Regression Models 
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Figure 1. SBP vs. Birth Weight and Adult BMI in Males 

 

 

Figure 2. DBP vs. Birth Weight and Adult BMI in Males 
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Figure 3. SBP vs. Quartiles of Birth Weight in Adult Males 

 

 

 Figure 4. DBP vs. Quartiles of Birth Weight in Adult Males 
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