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In theUnitedKingdom, Bangladeshi women have the lowest self-reported levels of physical activity and some of the highest levels of
metabolic disease of all ethnic groups. To better understand these risks for poor healthwe employed life course and intergenerational
hypotheses to predict lower body physical function in a sample of 121 Bangladeshi mothers (40–70 years old) and one of their adult
daughters (17–36 years old) living in Bangladesh or in the UK. For themothers, older age and shorter knee height predicted reduced
lower body physical function. Knee height is a biomarker of nutrition and health status between birth and puberty. Age at first birth
did not have a significant effect. For daughters, older age and migration to the UK predicted reduced lower body physical function.
We controlled for total stature and fatness in all analyses. UK-born daughters were taller than BD-born daughters living in the UK,
mostly due to differences in knee height.These new findings support previous research indicating that early life health and adequate
nutritional status, along with appropriate adult physical activity and diet, may decrease risks for poor physical function, morbidity,
and premature mortality.

1. Introduction

The life course hypothesis for adult health and disease posits
that modifiable environmental influences on growth, devel-
opment, and maturation during preadult life has correlates
with adult health, rates of aging, and mortality [1–6]. It is
also well recognized that nutrition and health conditions of
mothers have intergenerational consequences which affect
the phenotypes of their offspring. Emanuel and colleagues
called this the intergenerational influences hypothesis [7–9].
Today, there is ample evidence in favour of life course and
intergenerational influences on the risks for adult diseases,
including overweight/obesity, atherosclerosis, hypertension,

type 2 diabetes, certain dementias, and other noncommuni-
cable metabolic disorders [10–13].

Risks for these conditions accrue from a variety of
sources, including modifiable factors, such as nutrition,
physical activity, exposure to infection, tobacco, alcohol,
and industrial toxicants, as well as migration from place
to place and chance events acting across the life course
which may improve or impair, “. . .the effectiveness of body
systems for maintenance and repair” [14, page 717]. After
about age 30 years, the accumulation of environmental insults
interacts with the intrinsic decline in one’s capacity to achieve
appropriate responses to new challenges, resulting in an
inexorable increased risk of many physical and cognitive
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disorders with time [15]. The best defense against these age-
associated risks seems to be a greater accumulation of reserve
capacity, also called embodied capital or resilience, during
growth and development [14, 16–20]. Reserve capacity is
defined as those somatic resources possessed by an organism
which exist above the minimum required for survival and
reproduction. There is often an inverse relationship between
reserve capacity and risk for illness, disability, and death. For
human beings, reserve capacity is often measured in terms of
skeletal growth, bone density, body mass, body composition,
physical function (e.g., grip strength, and gait speed), and
cognition (e.g., crystalized and fluid memory).

In this paper we employ the life course hypothesis
and intergenerational influences hypothesis to understand
variation in reserve capacity asmeasured by physical function
for a sample of Bangladeshi mothers and daughters living in
the United Kingdom (UK) and Bangladesh (BD). Our focus
on Bangladeshi women is important because Bangladeshi
women living in the UK, elsewhere in Europe, and in North
America have low levels of physical activity and suffer from
high prevalence of obesity, diabetes, and other metabolic
disorders [22, 23]. Little is known about their physical
function status. As a proxy for reserve capacity, measures
of physical function, such as gait speed balance, and leg
strength, may be used to classify subjects across a wide range
of function and identify nondisabled persons who may be at
higher risk for a variety of adverse outcomes as they age. In
addition, measures of physical functionmay be used in cross-
national and cross-cultural studies of health and aging [21, 24]
because these functions are universal to all people.

We present a method, based on the measurement of
adult knee height, to quantify the nutritional and health
status of these women when they were prepubertal girls. We
also analyse biosocial tradeoffs between prepubertal growth,
migration from Bangladesh to the United Kingdom, and
age at first birth in relation to adult physical function. Our
conceptual model is based on two lines of investigation. The
first is the growing body of research showing that greater
adult knee height reflects better nutrition and health between
birth and puberty, which translates into greater preadult
reserve capacity and delays the onset of aging-related declines
in health and cognition [25–28].

The rationale for using adult knee height as a biomarker
for early life nutrition and health is based on that fact that
between birth and puberty the legs grow relatively faster than
the upper body, a pattern called the cephalocaudal gradient
in growth. We should expect, therefore, leg length to be rela-
tively longer in populations that live under more advantaged
circumstances because better nutrition and health will allow
for more leg growth in the early years of life. This was first
demonstrated to be the case for total leg length by studies
of child growth in Europe following World War II [29] and
has since been replicated in many studies. This research is
reviewed in Bogin and Varela-Silva [30]. Amore recent study
of the United States population also supports the use of leg
length as a biomarker of health and environmental stress for
people between birth and puberty [31]. This study reported
that variation in birth weight and variation in the growth of
leg length relative to stature between the ages of 2 to 8 years

are independent.The results suggest that birth weight and leg
length represent independent information on prenatal and
postnatal environmental quality.

Another recent study by Azcorra et al. [32] supports the
use of leg length as a biomarker of early postnatal quality
of life. The authors conducted an intergenerational study of
grandmothers, their adult daughters, and their 6–8-year-old
grandchildren of Maya ethnicity living in Merida, Mexico.
All of these Maya participants were of low socioeconomic
status and showed evidence of nutritional inadequacies and
poor health in terms of short stature. The researchers found
that 29% of the children had short leg length (≤2 SD of
an international reference), but only 7% had short sitting
heights. They interpreted this to mean that the short stature
of the children was due primarily to reduced growth of the
tibia and femur. In addition, significant correlations in height,
sitting height, and leg length (all standardized for age and sex)
were found in mother-to-child and grandmother-to-mother
pairs. The strongest correlations were for leg length. The
authors suggest that these intergenerational correlations are
due to persistent environmental adversity resulting in growth
deficits, especially for leg length in the children.

Knee height may be an even more sensitive biomarker
than total leg length. The tibia is the most distal long bone
of the human body (excluding foot metatarsals), and its
growth in length is the slowest relative to total stature [30].
This should make the growth of the tibia more sensitive to
environmental quality than the growth of the femur. The
value of tibial length as a sensitive biomarker of prepubertal
health was shown in a study of lowland versus highland
Peruvians aged 6–14 years old [33]. The highland sample
was exposed to greater amounts of stress, such as hypoxia,
cold temperatures, or nutritional deficiencies, than the low-
land sample. Highlanders had significantly shorter limbs,
especially the tibia and radius, than the participants who
experienced less of these stresses (e.g., living at low altitude).

Pomeroy and colleagues measured tibia length from
surface landmarks of this bone. This is often difficult to do in
many populations, for example, because of modesty required
by participants. Knee height (KH) may serve as a proxy for
tibia length. The contribution of the ankle (tarsal bones) to
knee height is relatively minor compared to the contribution
of the tibia. Knee height is also valuable as a biomarker of
health and nutrition status between birth and age 10 years
because KH is relatively constant from early adulthood until
death. KH does not “shrink” with age as does total stature,
due to compression of vertebral discs and other joints. For all
of these reasons, the measurement of KH in adults, especially
older people, provides a proxy for total skeletal growth and
the accumulation of somatic reserve capacity early in life [34–
36]. A larger and more robust skeleton, along with greater
total somatic reserves of muscle associated with a larger
skeleton, are likely to allow for greater physical performance
through the adult years of life [2, 14, 20].

The second basis for our conceptual model comes from
research suggesting that age at first birth may serve as the
transition between somatic investment in a woman’s own
body and the diversion of her nutritional and health resources
toward her offspring [37, 38]. A pregnant woman will likely
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receive food and assistance from several familymembers [39],
but all the direct physiological investment in a pregnancy
must derive from thewomen’s body. In cases when a pregnant
woman has insufficient body reserves or intake of needed
resources (including food and psychosocial resources), there
will be a tradeoff between the needs of the woman and the
needs of her fetus.This may cause compromisedmetabolism,
physiology, and behaviour, as well as emotional distress,
resulting in increased risks of diseases [38]. This tradeoff
will tend to accelerate the loss of reserve capacity, accelerate
somatic aging, and decrease levels of physical function as the
women age [40].

2. Hypotheses

Using these conceptual models we test two life course
hypotheses for our sample of adult Bangladeshi mothers: (1)
greater knee height predicts a higher physical function score
and (2) a later age at first birth predicts a higher physical
function score. For their daughters we test the life course
hypotheses that (3) greater knee height predicts a higher
physical function score and (4) migration from Bangladesh
to the UK predicts a lower physical function score. Finally,
we test the intergenerational influences hypotheses that (5)
greater mother’s KH and (6) a later age at mother’s first birth
predict a higher physical function score of the daughter.

3. Methods

Project MINA—Migration, Nutrition and Ageing across
the Lifecourse in Bangladeshi Families: A Transnational
Perspective—was a cross-sectional study that investigated
two generations of Bangladeshi women in the Cardiff, UK
and Sylhet Division, BD (http://projectmina.org/). MINA
employed a participatory approach to involve community
members and leaders in all stages of the project. Partic-
ipant recruitment depended on this approach, as many
first generation women are not fluent in English and may
be socially isolated from the dominant British society [41,
42]. UK community members fluent in Bangla and Sylheti
were employed as coresearchers who assisted the authors
of this paper with recruitment, data collection, translation
of interviews, interpretation of findings, and dissemination.
Sampling was purposive, based on Bangladeshi ethnicity,
age limits, place of residence, and the research budget.
Recruitment of participants was by direct contact via com-
munity researchers and by word-of-mouth through snowball
sampling. Both in Bangladesh and in the UK, our goal
was to recruit participants across a range of socioeconomic
statuses and places of origin in Bangladesh (city, towns, and
villages). We also wanted to recruit UK-living daughters who
were born in either Bangladesh or born in the UK. In this
paper we analyse the entire sample and we do not make
distinctions based on socioeconomic status or places of origin
in Bangladesh. We do include migration from Bangladesh
versus birth in the UK as a variable for analysis.

The UK sample included 40 mothers (40–70 years) and
one of their UK-living adult daughters (17–36 years, 𝑛 =
37 as 3 daughters who were recruited did not subsequently

participate). All of the mothers were born in the Sylhet
District.Thedaughterswere either born in theUK (𝑛 = 20) or
in BD (𝑛 = 17). All were living in or near Cardiff, Wales. The
2011 census indicates that the Bangladeshi population living
in Cardiff is 4,838, or approximately 45% of the Bangladeshis
living in Wales [43].

The Bangladesh sample included 22 mother-daughter
pairs of the same two age groups, all born in Sylhet District.
Geographic locations of the samples are shown in Figure 1.

According to the 2011 census, the UK Bangladeshi
population resident in England andWales is 447,201, or 0.8%
of the total UK population; this is an increase of just over
50% from the previous census in 2001 [43]. Additionally,
this group is reported to be one of the most deprived
populations in the UK, having high rates of unemployment,
social deprivation, and low rates of education [44]. They
also have poorer self-reported and measured health
status indicated by higher rates of disability, centralised
obesity, and chronic diseases such as type 2 diabetes and
cardiovascular disease (British Heart Foundation 2013,
http://www.bhf.org.uk/heart-health/prevention/ethnicity/
bangladeshi.aspx).Older Bangladeshiwomen are particularly
affected as they play a lead role in caretaking for multiple
generations within relatively large extended families and
many struggle to cope with the complex challenges of
ageing, poverty, racism, and social exclusion. The MINA
project builds upon previous research related to migration
and ageing amongst UK Bangladeshis living in the Tower
Hamlets region of East London [45, 46]. That community
is relative large and provides a socially and linguistically
insulated environment for Bangladeshis in the UK. MINA
provided new insights into specifically food, nutrition, and
their interactions with ageing and migration amongst UK
Bangladeshi families who are living in communities outside
of Tower Hamlets, that is, in regions where Bangladeshis are
a distinct minority and do not have well-developed systems
for sociocultural support.

4. Data Collection and Measurements

In Cardiff, data were collected via community events that
included lunch, physical activities such as Extend and
Bollywood dancing, Indian head massage, and stations
providing information on health and social care services.
Events took place in November 2009, March 2010, and June
2010. These events were popular amongst the participants
and helped to ensure that recruitment targets were achieved.
MINA has also had a positive impact on training Bangladeshi
researchers living in the UK. The project employed
two Bangladeshi research assistants, one Bangladeshi
postdoctoral fellow, and employed and trained 11 Bangladeshi
community researchers from the Cardiff and Swansea areas.
Further information and photographs about the events
and the MINA project are available at two websites: (1)
http://www.newdynamics.group.shef.ac.uk/mina.html and
(2) http://projectmina.org/.

In Sylhet all data were collected in the home environment
during January and February 2010. In both the UK and BD all
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Figure 1: MINA project sample sites: Cardiff, UK, and Sylhet, Bangladesh. Enlargement of Sylhet District shows specific location of sample
sites (originalmap; created fromhttp://sketchmap.co.uk/). Two of the sites lie at the border of the SylhetDistrict butwithin the SylhetDivision,
which is a larger geopolitical entity and consists of four districts—Sylhet, Habiganj, Moulvibazar, and Sunamganj. Sylhet District andDivision
encompasses much geographic, economic, and social variations.

anthropometric data were assessed by the same experienced
member of the team (JT).Weight wasmeasured to the nearest
0.5 kg using a portable digital scale, waist circumference was
measured at the most narrow point to the nearest 0.1 cm
using a flexible tape measure, and height and sitting height
were measured to the nearest 0.1 cm using standard protocols
and Harpenden anthropometric equipment. Our measure of
knee height (KH) involved placing the plantar surface of the
participant’s foot on the floor, without shoes or socks, and
then measuring the distance from the floor to the proximal
border of the patella (top of the knee cap) with the participant
seated and the lower leg as perpendicular to the floor as
possible (90 degree angle to the floor). This method avoids
contamination of themeasurementwith soft tissue, especially
fat, which has been shown to artificially inflate other linear
skeletal measurements [47].

Physical function was assessed using the short physical
performance battery or SPPB [21, 48, 49].The SPPBmeasures
lower body physical function in terms of balance, gait speed,
strength, and endurance in terms of ability to stand with the
feet together in the side-by-side, semitandem, and tandem
positions, time to walk four meters, and time to rise from a
chair and return to the seated position 5 times (Figure 2). A
lower score on the SPPB indicates worse physical function.

The SPPB reflects gait speed, chair-stand, and balance,
each of which may be a substantively different measure of
lower body physical performance. To better understand the
contribution of each of the components of the SPPB we
computed their individual results and statistically tested the

difference between the same subtest categorical scores across
groups of participants. This type of statistical contrast may
be done within the SPPB subtests, but the subtests cannot
be statistically compared against each other (J. Guralnik,
personal communication).

Participants were interviewed face-to-face in English,
Bangla, or Sylheti languages and completed a questionnaire
which included individual and family demographic charac-
teristics and history of migration (e.g., place of birth, age of
migration from BD to the UK, and places lived in the UK).
All interviewers were carefully trained and their reliability
assessed by several authors (Joy Merrell, Jasmin Chowdhury,
BablinMolik, and Janice L.Thompson). Other biological and
social variables were collected but are not analysed in this
paper.

5. Statistical Analysis

Descriptive statistics were calculated for all variables by the
categories of generation (mother or daughter), country of
birth, and current country of residence. 𝑡-tests, proportion
tests, or ANOVA were used to estimate statistical signifi-
cance between comparison groups. A power analysis for 𝑡-
test was calculated following data collection. Based on the
anthropometric variables of height and weight the power
analysis found that a minimum sample size of 𝑛 = 14
provides a power goal of 0.80 to detect a significant between
two groups at 𝑃 = 0.05. To test our hypotheses, forward
stepwise multiple regression was used to assess the relative
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Short physical performance battery

(1)
Balance tests

Side-by-side stand

Semitandem stand
Heel of one foot against side of big toe of the 

Go to 4-meter
gait speed test

Go to 4-meter
gait speed test

Tandem stand

(2)
Gait speed test

Measures the time required to walk
4 meters at a normal pace (use best of 2 times) Unable

(3)
Chair stand test

Pretest
Participants fold their arms across their chest 

and try to stand up once from a chair
Unable

Able

5 repeats
Measures the time required to perform five  

rises from a chair to an upright position 
as fast as possible without the use of the arms

4pt
3pt
2pt
1pt
0pt

1 2 3 4

(m)

4pt
3pt
2pt
1pt
0pt

Stop (0pt)

Feet aligned heel to toe for10 s

Feet together side-by-side for 10 s

other for 10 s

10 s (1pt)

<10 s (0pt)

<10 s (+0pt)

10 s (+1pt)

10 s (+2pt)
3–9.99 s (+1pt)
<3 s (+0pt)

<4.82 s
4.82–6.20 s
6.21–8.70 s
>8.7 s

≤11.19 s
11.20–13.69 s
13.70–16.69 s
>16.7 s
60 s or unable

Figure 2: Image of the wall chart for the short physical performance battery assessing lower extremity function [21].

influence of predictor variables on the SPPB score, the
outcome variable. This allowed us to model the influence
of the demographic, anthropometric, and nutritional status
variables on physical performance. Other types of regression
(all effects and backward) were not applicable due to failure
to meet the minimum tolerance level of 0.001, resulting in
an ill-conditioned covariance matrix. Prior to the regression
analysis the correlations between all variables were examined
for multicollinearity. All of the fatness variables, for example,
are correlated at 𝑟 = 0.9 or greater. Body mass index (BMI)
was chosen as the fatness variable included in regression
models because BMI was available for the largest number of
participants. Waist circumference is reported to be the most
sensitive risk factor formetabolic disease and ageing in South
Asians [50] and we replaced BMI withWC in the regressions
but there was no change in outcomes. Separate regression

models were calculated for mothers and daughters. Statistical
significance was set a priori at 𝑃 < 0.05.

6. Results

6.1. Demographic Characteristics. There was no difference
in mean age between UK and BD mothers, but BD resid-
ing daughters were younger than UK residing daughters
(Table 1). Because of the range in ages for both mothers and
daughters, age was entered as a covariate in all regression
models. All mothers weremarried or widowed and according
to their demographic history had completed fertility (defined
as age over 45 years and at least 5 years since last birth).
Mothers in both countries had, on average, an equal number
of pregnancies, number of live born children, pregnancy loss,
and relatively high fertility. Age at marriage and all fertility
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Table 1: Characteristics of the participants given as mean values (standard deviations) or percentages. All values are as measured with no
statistical adjustment for age differences.

Cardiff mothers
(𝑛 = 40)+

Bangladesh
mothers (𝑛 = 22)

Cardiff daughters
(𝑛 = 37)++

Bangladesh
daughters (𝑛 = 22)

Age (yr) 55.3 (8.1)
Range = 40–69

51.9 (8.8)
Range = 40–70

27.4 (5.5)∗∗
Range = 17–36

22.8 (5.1)∗∗
Range = 17–35

Age when married (yr) 16.3 (2.7) 16.5 (3.3) 18.7 (2.3)
n = 24 —

Age at 1st birth 20.8 (4.2) 23.2 (5.5) 21.3 (2.2)
N = 20

20.5 (2.6)
N = 6

Age at final birth 34.4 (6.7) 35.8 (5.3) — —

Total pregnancies 6.6 (2.0) 5.6 (2.1) 2.9 (1.0)
N = 20

2.9 (2.3)
N = 7

Number of living children 5.6 (1.8) 4.9 (1.6) 2.6 (0.9).
N = 20

2.7 (1.5)
N = 7

Height (cm) 147.7 (6.2) 148.8 (5.7) 153.2 (5.8) 152.7 (6.0)
Sitting height (cm) 77.4 (3.7) 76.4 (3.4) 81.4 (2.4)∗∗ 78.2 (3.0)∗∗

Knee height (cm) 45.9 (2.4) 46.9 (2.4) 46.7 (2.5) 48.2 (2.3)
Weight (kg) 66.0 (13.4)∗ 53.5 (15.2)∗ 64.5 (14.5)∗∗ 50.8 (10.6)∗∗

Waist circumference (cm) 97.9 (9.6)∗ 82.5 (14.0)∗ 82.4 (13.0)∗∗ 72.4 (8.3)∗∗

BMI (kg/m2) 30.1 (5.2)∗ 24.1 (6.4)∗ 27.5 (5.7)∗∗ 21.8 (4.4)∗∗

BMI category¶

Underweight 0% 13.6% 0% 22.7%
Acceptable risk 5% 40.9% 25.0% 40.9%
Increased risk 30% 18.2% 22.5% 22.7%
High risk 65% 27.3% 42.5% 13.6%

Physical function score𝛽 6.3 (3.0)∗ 9.4 (1.9)∗ 10.8 (1.1) 11.2 (0.8)
+Mean age at migration = 30 years.
++20 born in UK and 17 born in Bangladesh; mean age at migration = 8.2 years, median = 8.0, range = <1 year to 23 years.
¶WHO BMI cut-off categories for South Asians: underweight <18.5; increasing but acceptable risk 18.5–23; increased risk 23.1–27.5; high risk >27.5.
𝛽Score on the short physical function battery, maximum score = 12.
∗Means for the mothers are significantly different, P ≤ .01.
∗∗Means for the daughters are significantly different, P ≤ .01.

data of the daughters are incomplete estimates, as 24 of 37
UK-living daughters were married or divorced and only 7
of 22 BD-living daughters were married at the time of data
collection. The lower number of married daughters in BD
reflects their younger age and our decision to interview the
BD-living women in the mother’s home-married daughters
would be living with their spouse and parents-in-law. No
value for “age at final birth” is given for daughters.

6.2. Anthropometry and Nutritional Status. All women were
of short stature with a global mean of 150.5 cm (sd = 6.4).
Daughters were, on average, taller and had greater knee
height than their mothers, but the differences were not
statistically significant (Table 1, Figure 2). Only 2%of the total
UK-BD population lives in Wales so our sample may not
be representative of the general UK Bangladeshi population.
“Representativeness” was assessed using the secondary data
for height, weight, andBMI collected by theHealth Survey for
England (HSE) 2004, which sampled the larger Bangladeshi
community in many regions of England. The HSE 2004
was designed to specifically oversample ethnic minorities.
The comparison of the HSE and MINA findings are given

in Table 2. MINA mothers and daughters were significantly
shorter and had significantly greater BMI than the general
UK-BD population. MINA mothers were significantly older
than BD women measured for the HSE 2004.

Daughters were divided into three groups: (1) born and
living in the UK (UK-UK), (2) living in the UK and born in
BD (UK-BD), and (3) born and living in BD (BD-BD). UK-
BD daughters had an average age at migration of 8.2 years (sd
= 6.8). At the time of migration 12 were <11 years old, 4 were
11–20 years old, and 1 was 23 years old. The three groups of
daughters were compared by analysis of variance (ANOVA,
Table 3) for each size variable. Significant differences between
the three daughter groups were found for sitting height and
knee height. Post hoc comparisons found that the BD-BD
daughters have smaller sitting height than both UK-UK and
UK-BD daughters. UK-BD daughters have lower knee height
than UK-UK and BD-BD daughters (Figure 3). As there are
no significant differences in total height, these findings mean
that BD-BD daughters have relatively longer legs for their
total height andUK-BD daughters have relatively shorter legs
for their total height. While not statistically significant in
the ANOVA, UK-UK daughters are, on average, 3.8 cm taller
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Table 2: Comparison of project MINA sample of Bangladeshi mothers and daughters with Bangladeshi women in the same age groups as
surveyed in Health Survey for England (HSE) 2004. Values for height, weight, and BMI are the mean ± standard deviation. Sample size in
HSE 2004 varied depending onmeasurement made.The range of sample size values is given in the table, but t-tests were calculated with exact
sample sizes.

MINA UK daughters HSE 2004 P value† MINA UK mothers HSE 2004 P value†

Age range (years) 17–36 17–35 40–70 40–70
Sample size 37 228–304 40 84–116
Mean age (years) 27 ± 5.5 26 ± 5.3 NS 55 ± 8.1 52 ± 8.3 0.03
Height (cm) 153 ± 5.8 156 ± 6.2 .02 148 ± 6.2 152 ± 5.3 <0.00
Weight (kg) 64 ± 14.5 61 ± 12.3 NS 66 ± 13.4 63 ± 11.0 NS
BMI 27 ± 5.7 25 ± 5.2 .02 30 ± 5.2 28 ± 4.3 <0.00
†t-test for MINA sample versus HSE sample in same age group, values for only statistically significant results at P < 0.05, NS: not significant.
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Figure 3: Knee height (KH) of daughters and mothers. The
asterisks (∗) indicate that the only statistically significant differences
are between UK-living daughters born in Bangladesh and both
Bangladesh-living daughters and UK-living daughters born in the
UK (𝑃 = 0.01).

than UK-BD daughters. This mean difference is significant
in a 𝑡-test (𝑡 = −2.09, 𝑃 = 0.04). Knee height accounts for
2.0 cm (53%) of total height difference. In terms of the biology
of human growth and body proportions, the differences in
average height, sitting height, and knee height are relatively
large and important [30, 51, 52].

UK-residing women had higher prevalence of overweight
and obesity than BD-residing women as indicated by body
weight, WC, and BMI (Table 1). Based on internationally
recognized cut-off values of BMI for South Asian women, the
UK mothers were especially overweight [50, 53]. Conversely,
about one-fifth of the BD sample of womenwas underweight.

6.3. Physical Function Test Scores. Results from SPPB indicate
that total physical function score tends to be progressively

Table 3: Means (+/− sd) for height, sitting height, and knee height
(all measured as cm) of daughters born and living in Bangladesh
(BD-BD, n = 22), UK living daughters born in Bangladesh (UK-
BD, n = 17), or in the UK (UK-UK, n = 20). The three groups of
daughters were compared by analysis of variance (ANOVA) for each
size variable. F and P values from the ANOVA are given in the table.
For the significant ANOVA results, post hoc comparisons are given
below the table.

BD-BD UK-UK UK-BD F P
Height 152.7 (6.0) 154.8 (5.0) 151.0 (6.2) 2.86 NS
Sitting height 78.2 (3.0) 81.7 (2.4) 80.9 (2.3) 10.7 <0.00
Knee height 48.2 (2.3) 47.6 (1.9) 45.6 (2.7) 6.81 <0.00
Significant post hoc contrasts.
Sitting height: UK-UK > BD-BD P < 0.00; UK-BD > BD-BD P < 0.00.
Knee height: UK-UK > UK-BD P = 0.01; BD-BD > UK-BD > P < 0.00.

lower as the age of the participants increases. This trend is
strongest for the mothers living in the UK but is evident
for mothers living in BD and for daughters in both the UK
and BD (Figure 4). All participants attempted each task of
the test. BD mothers had significantly higher scores than UK
mothers. The average total score for the UK mothers falls
below the test’s cut-off value for older women of 7, indicating
poor physical performance. Indeed, 21 individuals (53% of
our sample) scored <7, 6 were at or below a score of 2, and 2
women scored 0 as they were unable to perform any elements
of the test.

The BD daughters tended to score higher on the SPPB
than the UK daughters. The SPPB has no validated cut-off
value for poor physical performance for people under the
age of 65 years [49, 54, 55]. When the SPPB is applied to
younger and healthier populations, every participant without
impairment is expected to achieve the maximum score of 12.
We conferred with Professor Jack M. Guralnik, the creator of
the SPPB, to review the MINA data for the SPPB. He kindly
did so and suggested that we propose a cutoff of 11 points
to identify the UK and BD daughters with evidence of risk
for future disability and, possibly, current health impairment
and functional limitations. This is, of course, exploratory
and a hypothesis needs to be tested by longitudinal studies.
Statistically, a cutoff of 11 points is meaningful, as a 𝑡-test for
the difference between a SPPB score of 12 versus 11 with sd
= 1 and 𝑛 = 10 per group is significant at 𝑃 = 0.04. Eleven
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Figure 4: Total score (unadjusted) of the Guralnik short physical
performance battery for each participant by age. For the “mothers”
a score <7 indicates a low level of physical performance for the lower
limbs. For the daughters it is suggested that a score <11 indicates low
physical performance. Linear regression is used to fit the distribution
of scores for each subgroup (mother UK, mother BD, etc.). These
regression lines represent between-individual change and not aging.
Colour version appears online.

of the UK daughters scored <11 points, which is significantly
below the expected score of 12 points (𝑃 = 0.009). Only 3 of
the BD daughters scored <11 points, which is not statistically
lower than expected. More important, possibly, is that of
the UK-living daughters; 8 UK-BD daughters scored <11
points compared with only 3 UK-UK daughters, which is
a statistically significant difference (proportions test, 𝑃 =
0.008).

Results of the comparisons between subtests of the SPPB
are given in Table 4.The results indicate that the BDmothers
score significantly higher than the UK mothers on each
component of the test, as well as for the total final score.
The BD daughters score significantly higher than the UK
daughters for only the 4 meter walking speed component.

6.4. Knee Height, Fertility, and Physical Function. Results
of the forward stepwise multiple regression analyses for
predictors of the SPPB score are shown in Table 5.Themodel
for the mothers included the predictor variables current age,
age at first birth, height, knee height, and BMI. The model
for the daughters included the predictor variables current
age, migrant (no = 0, yes = 1), height, knee height, BMI,
mother’s height, mother’s knee height, mother’s age at first
birth, and daughter’s birth order. Any participantmissing any
of these variables was excluded from the analysis and this
resulted in sample sizes of 61 mothers (1 missing) and 58

Table 4: Mean scores (and standard errors, s.e.) for the three
subtests and total score of the short physical performance battery of
lower body function for mothers and daughters residing in the UK
or BD. The difference between the means is assessed by analysis of
variance. Scores are unadjusted for the influence of other variables.

Mothers BD (n = 22) UK (n = 40) F P
Mean (s.e) Mean (s.e)

Balance 3.8 (0.2) 3.0 (0.1) 5.36 0.02
4m walk 3.5 (0.2) 1.9 (0.1) 40.22 0.00
Chair rise 2.1 (0.2) 1.4 (0.2) 6.29 0.01
Final score 9.0 (0.4) 6.0 (0.3) 19.55 0.00
Daughters BD (n = 22) UK (n = 37)
Balance 4.0 (0.2) 4.0 (0.2) 0.59 NS
4m walk 4.0 (0.2) 3.6 (0.1) 7.84 0.01
Chair rise 3.2 (0.2) 3.2 (0.2) 0.22 NS
Final score 11.2 (0.2) 10.8 (0.1) 2.76 NS

daughters (1 missing). The missing case is due to a mother
in Cardiff without a reported or estimated “age at first birth.”
Total height was entered into all models to standardize KH
for height, as taller women tend to have greater knee height.
We were interested in the influence of both absolute KH and
KH relative to total stature. Birth order was entered into the
daughters’ regression model as a control for the tendency for
later born offspring to be shorter in height than earlier born
offspring [56].

Reported in Table 5 are the predictor variables that
remained in the model after the forward step-building pro-
cess. The “country of residence” at the time of measurement
for participants was included as a predictor variable (either
UK or BD) in the initial model building process. With “coun-
try of residence” included in the models, this variable was the
only significant predictor of SPPB score for bothmothers and
daughters. “Country of residence” is correlated significantly
with SPPB score (𝑟 = 0.32), BMI (𝑟 = −0.46), and knee height
(𝑟 = 0.26). Individually, correlations of these values would
not be expected to result inmulticollinearity, but combined in
the regression model their interaction is sufficient so that the
“country of residence” variable dominates the mathematics
of the regression model. We decided not to include “country
of residence” in the final regression models reported here. In
part, this decision was based on our hypotheses which focus
on knee height and mother’s fertility. Moreover, “country
of residence” confounds the daughters’ regression model,
as our sample includes migrants to the UK and UK-born
participants. Labelling them all as “UK residents” fails to
take into account this important difference. Accordingly, the
daughters’model included a “migrant” variable to account for
country of birth.

For the mothers (Table 5(a)), greater KH is most strongly
predictive of a higher SPPB score. Older current age is next
strongly predictive of a lower SPPB score. Greater BMI is
associated with a lower SPPB score, but not statistically
significant (𝑃 = 0.06). Age at first reproduction has no
significant association with SPPB score and was eliminated
from the final reportedmodel. Taken together, these variables
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Table 5: Significant predictors of total score for the Short Phys-
ical Performance Battery (SPPB). Statistical significance of the
hypothesized predictors was assessed by forward stepwise multiple
regression. (a) Model for the mothers; variables entered into the
regression are current age, age at first birth, height, knee height
and BMI. (b) Model for the daughters; variables entered into the
regression are current age, migrant (no = 0, yes = 1), height, knee
height, BMI, mother’s height, mother’s knee height, mother’s age
at first birth, and daughter’s birth order. The predictors shown in
the tables are those that survived the forward stepwise regression
process.The relative importance of each predictor is indicated by the
absolute value of its standardized beta. For themothers the variables
“knee height” and “current age” are the best predictors of SPPB score.
Greater knee height increases and older age decreases the score.
For the daughters the variables “migrant” and “current age” are the
best predictors of SPPB score. Being born in Bangladesh and then
migration to the UK and older age both decrease the score.

(a) Mothers

Standardized beta SE Beta SE t (56) P
Intercept 8.11 8.87 0.91 0.36
Current age −0.43 0.12 −0.15 0.04 −3.70 0.00
Knee height 0.49 0.19 0.60 0.23 2.61 0.01
BMI −0.22 0.11 −0.11 0.06 −1.92 0.06
Height −0.23 0.19 −0.12 0.09 −1.22 0.23
N = 61, R = 0.58, 𝑅2 = 0.34, adjusted 𝑅2 = 0.29, F (4, 56) = 7.12, P = 0.0001.

(b) Daughters

Standardized beta SE Beta SE t (53) P
Intercept 4.54 6.83 0.66 0.51
Migrant −0.41 0.11 −2.58 0.70 −3.69 <0.01
Current age −0.31 0.11 −0.12 0.04 −2.96 <0.01
Knee height 0.19 0.11 0.24 0.13 1.77 0.08
N = 58, R = 0.65, 𝑅2 = 0.43, adjusted 𝑅2 = 0.40, F (3, 54) = 13.43, P < 0.0001.

account for 29% of the variance in the SPPB score for the
mothers (the adjusted 𝑅2).

The regression analysis for the daughters indicates that
migration from BD versus birth in the UK was a significant
predictor of SPPB scores (Table 5(b)). The UK-BD daughters
had a lower SPPB score than UK-UK and BD-BD daughters.
Older age is predictive of a lower physical function score.
Greater KH is associated with a higher score, but not
statistically significant (𝑃 = 0.08). It is noteworthy that the
significant migration effect is independent of the KH effect.
None of the intergenerational variables (mother’s height,
mother’s knee height, age ofmother at first birth, or daughter’s
birth order) were significant and were eliminated from the
final reported model. The regression model for daughters
accounts for 40% of the variance (adjusted 𝑅2) in physical
function score.

7. Discussion

Project MINA offers a novel perspective on childhood nutri-
tion and health, migration, and physical function in older age
and young adult Bangladeshi mothers and daughters. Few, if
any, other studies compare two groups of the same ethnicity

in terms of two generations and two locations—the home
country and the “Diaspora.” To our knowledge this is the first
time that data collected using the Short Physical Performance
Battery has been published for Bangladeshis.

7.1. Childhood Health, Nutrition, and Knee Height. In this
paper we employ a life course hypothesis and an intergenera-
tional influences hypothesis and estimate early life conditions
for both generations of women using the measurement of
knee height (KH). As reviewed above, it is known that
in adverse environments total stature is reduced, with legs
more affected than the upper body and the tibia more
compromised than the femur. Conversely, it is also known
that in better environments stature tends to increase, and the
tibia elongates more than the femur [57, 58].

7.2. Tests of OurHypotheses. Thephysical functions evaluated
by the SPPB have clinical validity to characterize older
persons across a broad spectrum of lower extremity function
[49]. It has been shown in studies in Europe, North America,
and Brazil that SPPB scores may be used to predict “. . .future
disability, hospitalization, and death even in participants who
report no disability at initial testing” [21]. From this per-
spective, scores on the SPPB are broadly reflective of overall
current health. It is important to note that the determinants
of physical function are complex, with several interactions
between mechanical, biological, and sociocultural variables.
We discuss some of these influences below.

Based on our conceptual model, the findings from the
test of our knee height hypothesis may be interpreted to
indicate that girls who suffered poorer nutrition and health
between birth and puberty had reduced knee height and
grew up to be women with lower physical function. The
knee height-physical performance relationship is statistically
significant for the mothers, but not so for the daughters (𝑃 =
0.08). Overall, our findings provide additional support for
the use of adult KH as a biomarker of health and accrued
reserve capacity during the first decade after birth. Adult
KH may also serve as a biomarker of current adult health
and future health risk. To our knowledge this is the first
such demonstration of these health applications for knee
height for Bangladeshis. Our findings for an effect of early
life environmental conditions on physical function in adult
life complement related research which found that childhood
socioeconomic statuswas associatedwith SPPB a half century
later [59].The participants in that study were from the British
1946 birth cohort and were evaluated at the age of 53 years.
Their parents’ socioeconomic status was used as a proxy for
the quality of their early life environment. Higher occupation
status of their fathers and greater educational level of their
mothers predicted significantly higher SPPB scores.

7.3. Why Do the UK-BD Daughters Have the Shortest Knee
Height? The UK provides, in general, a healthier environ-
ment for infant and child growth than does BD, so greater
KH for all UK-living daughters compared with their mothers
might be expected. The UK-BD daughters, however, have
shorter KH than the UK-UK and the BD-BD daughters. This
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is unlikely due to a genetic difference, as these daughters
are from the same general population. Furthermore, we
compared mothers and daughters of the two UK-living
groups and found that forUK-BDdaughters only 53%of their
mothers had a shorter KH than the daughter. In contrast, 80%
of mothers of the UK-UK daughters have a shorter KH than
their daughter. This is a significant difference (𝑃 = 0.04).
Given the sensitivity of KH to the environment for early life
growth, this difference indicates that something about the
prepubertal environment for physical growth and building
reserve capacity was better for the UK-UK daughters.

The difference in KH between UK-UK and UK-BD
daughters may be due to the relatively harsh environment for
growth in BD before the UK-BD daughters migrated to the
UK (mean age at migration was 8.2 years old). Reviews of
research from the 20th century report that people of all social
classes in Sylhet had relatively high levels of infectious disease
exposure, including intestinal parasites, compared with the
UK. Virtually all residents of Sylhet were also exposed to
an environment with unsanitary sewage and waste disposal
systems and limited drinking water treatment capacity [60–
64]. Today, Sylhet Division, including all urban and rural
areas, has the highest neonatal, postneonatal, infant, and
under-5 mortality prevalence of all Bangladesh, estimated to
be 59 deaths per 1,000 live births [65].These are all indicators
of poor living conditions, which were likely to have been even
worse in the pastwhen theBD-born participants of theMINA
project were growing up.

Bangladeshi women living in the UK tend to be from
wealthier families in the Sylhet Division [64]. Even so, a 2007
report by the United Nations Population Fund indicates that
the infant mortality rate for the wealthiest and most highly
educated groups within urban Bangladesh were between 49
and 58/1,000 live births [66]. Infant mortality is a sensitive
indicator of the health environment and high infantmortality
rates predict poor body growth of the surviving population
[56, 67]. In contrast to the data from Bangladesh, the post-
neonatal mortality rate was 6.9/1,000 live births for infants
born to Bangladeshi mothers living in East London between
the years 1987 and 1990.

The health environment differences between UK-UK and
UK-BD daughters during their prepubertal years may not
be the only important influence on their KH. Finch [15,
page 17] proposes expanding the concepts of life course
development and intergenerational influences, “. . .to include
three groups of factors: nutritional deficits, chronic stress
from socio-economic factors, and direct and indirect damage
from infections.” If we accept this broadened definition,
then it is also possible that some stress factors or factors
associated with migration from BD to the UK—before,
during, and after—account for some of the difference in
both KH and SPPB scores between the UK-BD and UK-
UK daughters. Our preliminary analysis of the migration
history questionnaires and the interviews conducted with
the participants indicate several types of social stress related
to migration. These stresses include family separation, for
example, fathers migrating first and leaving their wives and
children in Bangladesh, financial insecurity due to a lack of
remittances from theUK to families left inBangladesh, lack of

employment by adults after migrating to the UK, and limited
social support due to language barriers. These stressors may
have had a negative effect on physical growth and may have
reduced reserve capacity, but the data require further formal
analysis before we can establish any relationships. It is impor-
tant to emphasize that the significant effect for “migration” as
a predictor of the SPPB score for the daughters (Table 5(b))
is independent from the nonstatistically significant, but bio-
logically detectable, association of daughter’s KH with SPPB
score. Based on the standard errors reported in Table 5(b), a
larger sample size would likely result in a statistically signifi-
cant effect for KH of the daughters on their SPPB scores.

7.4. Fertility, Intergenerational Influences, and Physical Func-
tion. Our hypotheses of a relationship between age at first
reproduction and intergenerational influences with physical
function were not supported. This may mean that there is
no effect, that our sample size is not adequate to detect
an effect, or that some unmeasured characteristics of the
mothers interact with and mask the effect of age at first
birth. Previous research finds positive, negative, and neutral
effects between age at first birth and other fertility variables
with later life health [68–71]. In a review of this research,
Jasienska [38] suggested that studies are needed for the total
energy budget of women, including tradeoffs with disease,
socioeconomic status, and the costs of investment in one’s
own offspring as well as the children of others (e.g., nieces,
nephews, and adoptions) and grandchildren throughout their
life. Such studies may also lead to better understanding of
intergenerational effects on the variation between individual
women in their reserve capacity, their reproductive history,
and their health in later life.

7.5. Physical Function, Age, and Sociocultural Lifestyle. In our
sample, SPPB scores tended to decline as the age of the
participants increased. For this cross-sectional sample, such
declines could be the result of cohort or period effects and
not the direct result of greater age per se. UK-living mothers
had lower scores on all of the components of the SPPB
compared with BD-living mothers. UK-living daughters had
lower scores only on walking speed compared with BD-living
daughters.

One important influence on walking speed is leg length,
as longer leg length generally results in faster speed [72]. BD-
BD and UK-UK daughters have, on average, greater knee
height, and longer legs in total, than the UK-BD daughters
(leg length may be estimated as height minus sitting height,
using the data in Table 1). Another important determinant of
the total SPPB score is body fatness. Consistent with other
research, the MINA study found that greater fatness (BMI)
tends to be associated with a lower score—not statistically
significant in our regressionmodel but statistically significant
in Pearson correlation (BMI : SPPB, 𝑟 = −0.21, 𝑃 = 0.02).
Longitudinal studies find that loss of body fat tends to
increase the SPPB score [73]. Due to the cross-sectional
design of this study, we are not able to determine whether
higher levels of fatness are due to low levels of activity, or vice
versa.
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Lifestyles in BD versus UK may also explain some of
the differences in physical function and fatness between
locations. Interviews and ethnographic observationswith our
participants indicate that BD-living mothers and daughters,
regardless of their socioeconomic status, perform more
physical activities including walking outdoors, carrying
bundles, taking stairs, and doing housework. Several BD-
living families of lower income status had small agricultural
holdings and the women tended their fields and livestock.
Other women were from relatively wealthy families and had
household help to perform many chores. Even so, these
wealthier women perform domestic duties while overseeing
the work of household staff and carried out social activities
that required walking and carrying objects. These types of
moderate to vigorous physical activities are recommended to
prevent losses in physical function [74, 75]. In Sylhet, women
of lower socioeconomic status generally squat to use the
bathroom, although thosewith higher statuswill usewestern-
style toilets similar to UK living women. The difference may
strengthen the leg muscles of some of the Bangladesh-living
women so that they would do better on chair rise component
of the SPPB.

In contrast to the Bangladesh-living women, Bangladeshi
women living in the UK have the lowest self-reported levels
of physical activity of all ethnic groups [22].There are several
likely reasons for this. One is that Bangladeshi cultural values
dictate that daughters and daughters-in-law should provide
care for their mothers and mothers-in-law [42]. This cultural
value would apply equally in the UK and BD, but other
factors are especially important in the UK. In their systematic
review of physical activity among South Asian immigrant
women, Babakus and Thompson [23] found that barriers to
physical activity (PA) include confusion as to what types and
how much PA to perform, that doing PA is perceived as a
selfish act, that there is no spare time for PA, that there are
no culturally appropriate facilities (to preserve the modesty
of Muslim women) and safety concerns for unaccompanied
women, that PA would exacerbate existing illnesses, poor
weather, and a fatalistic belief that health and illness are
Allah’s will. An older survey of 149 Bangladeshi parents living
in the EastMidlands region of theUK [76] reported that these
barriers to physical activity were already in place for girls by
secondary school age.

Another reason for low physical activity for the
Bangladeshi mothers in the UK is that they suffer from
social isolation due to poor English language skills, fear of
unfamiliar social environments, lack of knowledge of social
services, and fear of the cold [41, 42, 77]. A survey of 469
UK ethnic minority elders aged 65+ living in the community
provided prevalence estimates for social isolation [78]. It
was found that 40% of the Bangladeshis interviewed report
“often” feeling lonely in contrast with the norm of 8–10% for
white British respondents. “Loneliness is important because it
is associated with a range of negative outcomes including low
levels of physical activity, poor physical and mental health,
elevated mortality, and increased use of services” [78, page
78].

Thehigh levels of fatness found forUK-livingwomenmay
also be, in part, due to a cultural value. Some Bangladeshi

women appear to regard “plumpness” as a sign of good health,
greater wealth, and higher social status [79]. Biomedical
research with South Asians in their homelands and in Europe
finds that “plumpness” is a risk factor for poor health, as there
is a nearly monotonic increase in the incidence of type 2
diabetes and its comorbidities with greater waist circumfer-
ence [50]. As is the case for othermedical conditions, cultural
values and biomedical understanding may be at odds, which
can hamper health care delivery and patient compliance [80].

Culturally tailored interventions, such as exercise/dance
classes appropriate for BDwomen,mayhelp alleviate both the
lack of physical activity and loneliness. Appropriate interven-
tions to increase physical activity may also improve physical
function and reduce health risks.TheMINAproject provided
“Extend” light exercise and “Bollywood-style” dance sessions
at the data collection events, with virtually all Bangladeshi
mothers and daughters participating. These activities at the
data collection sessions were highlighted by participants as a
positive aspect of their involvement with MINA.

7.6. Limitations and Strengths. Limitations of this study
include (1) lack of the ability to determine cause and effect due
to the cross-sectional design of the study; (2) small sample
size in relation to the total population of Bangladeshis; (3)
possible selective exclusions of the more disabled; and (4)
selective mortality resulting in a Bangladeshi older popula-
tion that was more highly functional.

Strengths of the study include (1) the recruitment of
samples in both the UK and BD that are considered “hard to
reach” and at high risk for chronic diseases and early ageing;
(2) the application of a participatory framework that included
the community at all stages, which was instrumental inmeet-
ing recruitment targets and ensuring that the study design
and all data collection methods, tools, and approaches were
culturally appropriate and the results were interpreted by cul-
turally and linguistically compatible researchers; (3) training
community researchers which builds capacity within their
communities; (4) standardised anthropometric and SPPB
measurements being conducted by the same highly trained
individual (JT) for all participants in both locations; (5) all
of the participants in our sample agreed to all measurements
and interviews, even though two of the UK-living mothers
were not physically able to do any of the tasks of the SPPB;
and (6) finding lower than expected physical function scores
for all UK-living Bangladeshi women, which highlights their
risks for poor health, disability, and early mortality.

In conclusion, for these Bangladeshi adult women early
life health and nutritional status, captured by knee height,
are a predictor of physical function in later life. Age at first
birth does not seem to influence the predictive power of knee
height. Greater abdominal fat is associated with impaired
physical function. International migration is associated with
shorter knee height for daughters and with poorer physical
function for both generations of Bangladeshi women. These
findings demonstrate how early life health and nutritional
status influence the quality of both physical growth andhealth
across the life course.

Project MINA lends support to policy and practice to
protect and enhance health in early life in order to forestall
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disability and illness in later life. The “Flying Start” pro-
gramme initiated by theWelsh Government in 2012 provides
services to families with children under 4 years of age
to enhance physical and cognitive development [81]. Such
programmes may save national health systems considerable
expense and enrich the personal lives of younger and older
people and their families.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors would like to acknowledge all participants
who volunteered for this study, the community researchers
who assisted with recruitment, data collection, and analyses
(FatehaAhmed,Nabila Ahmed, Jusna Begum, Rajma Begum,
Runa Begum, Shelina Hurt, Sofina Khatun, Farida Khatun-
Miah, Rehana Miah, Shaheena Nahar Omar), and the com-
munity stakeholders and leaders who shared their views and
insights with the MINA research team. The authors thank
Dr. Jack Guralnik for his advice. This work was supported
by Grant no. RES-354-25-0002 of the Economic and Social
Research Council, New Dynamics of Ageing Programme,
UK.

References

[1] E. M. Crimmins and C. E. Finch, “Infection, inflammation,
height, and longevity,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 103, no. 2, pp. 498–
503, 2006.

[2] D. Kuh, R. Hardy, S. Butterworth et al., “Developmental origins
of midlife physical performance: evidence from a British birth
cohort,” American Journal of Epidemiology, vol. 164, no. 2, pp.
110–121, 2006.

[3] D. J. P. Barker, “Theorigins of the developmental origins theory,”
Journal of Internal Medicine, vol. 261, no. 5, pp. 412–417, 2007.

[4] T. Bengtsson andG. Broström, “Do conditions in early life affect
old-age mortality directly and indirectly? Evidence from 19th-
century rural Sweden,” Social Science &Medicine, vol. 68, no. 9,
pp. 1583–1590, 2009.

[5] K. M. Godfrey, P. D. Gluckman, and M. A. Hanson, “Develop-
mental origins ofmetabolic disease: life course and intergenera-
tional perspectives,”Trends in Endocrinology&Metabolism, vol.
21, no. 4, pp. 199–205, 2010.

[6] H. Beltrán-Sánchez, E. M. Crimmins, and C. E. Finch, “Early
cohort mortality predicts the rate of aging in the cohort: a
historical analysis,” Journal of Developmental Origins of Health
and Disease, vol. 3, pp. 380–386, 2012.

[7] I. Emanuel, “Maternal health during childhood and later
reproductive performance,” Annals of the New York Academy of
Sciences, vol. 477, pp. 27–39, 1986.

[8] I. Emanuel, C. Kimpo, andV.Moceri, “The association of grand-
maternal and maternal factors with maternal adult stature,”
International Journal of Epidemiology, vol. 33, pp. 1243–1248,
2004.

[9] M. I. Varela-Silva, A. R. Frisancho, B. Bogin et al., “Behavioral,
environmental, metabolic and intergenerational components of
early life undernutrition leading to later obesity in developing
nations and inminority groups in theUSA,”CollegiumAntropo-
logicum, vol. 31, no. 1, pp. 39–46, 2007.

[10] A. J. Drake and B. R. Walker, “The intergenerational effects of
fetal programming: non-genomic mechanisms for the inheri-
tance of low birth weight and cardiovascular risk,” Journal of
Endocrinology, vol. 180, pp. 1–16, 2004.

[11] M. I. Varela-Silva, H. Azcorra, F. Dickinson, B. Bogin, and A. R.
Frisancho, “Influence of maternal stature, pregnancy age, and
infant birth weight on growth during childhood in Yucatan,
Mexico: a test of the intergenerational effects hypothesis,”
American Journal of Human Biology, vol. 21, no. 5, pp. 657–663,
2009.

[12] M. Hanson, K. M. Godfrey, K. A. Lillycrop, G. C. Burdge, and
P. D. Gluckman, “Developmental plasticity and developmental
origins of non-communicable disease: theoretical considera-
tions and epigenetic mechanisms,” Progress in Biophysics and
Molecular Biology, vol. 106, no. 1, pp. 272–280, 2011.

[13] K. Godfrey, K. Lillycrop, G. Burdge, P. Gluckman, and M.
Hanson, “Non-imprinted epigenetics in fetal and postnatal
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