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ABSTRACT
This study investigated whether historical proxies for poor nutrition early in life were associated with
differences in body composition and height among adult Hmong refugees. Life history and anthropometric data were
collected from a sample of 279 Hmong aged 18–51 years who were born in Laos or Thailand and resettled in French
Guiana or the United States following the Second Indochina War. Overall, 30.5% were born in a war zone in Laos, while
38.8% were displaced as infants; these individuals were presumed to have experienced malnutrition in the perinatal
and infant periods, respectively. Resettlement in urban areas in the US was utilized as a proxy for greater exposure to
excessive energy balance, compared with Hmong who resettled in rural areas in French Guiana. In multiple linear
regression models, being displaced in infancy was negatively associated with height after controlling for confounders,
while being born in a war zone was associated with higher adiposity and centralized body fat distribution. Resettlement
in the US was associated with a higher centralization of subcutaneous fat, but not overall adiposity. These findings may
be of interest to the study of the developmental origins of obesity, in a population that has undergone early malnutrition
followed by migration and rapid nutritional transition. Am. J. Hum. Biol. 20:174–184, 2008.
' 2008 Wiley-Liss, Inc.

The prevalence of obesity has increased in recent decades in both developed and developing nations (Lobstein,
2004; Mendez et al., 2005; WHO, 2000). While the rapidity
of the increase, particularly among developing nations,
points to changes in behavioral factors such as diet and
activity levels (Popkin, 2001), evidence also suggests prenatal malnutrition can have enduring effects on body composition, predisposing the individual to develop centralized or frank obesity later in life (Law et al., 1992; Ravelli
et al., 1976). Such observations are pertinent to the developmental origins of health and disease paradigm, which
asserts that intrauterine and perinatal challenges, such
as malnutrition, may have long-term or permanent effects
on disease risk (Gluckman et al., 2007). For example, epidemiological evidence and experimental studies in animals provide substantial support that intrauterine and
infant malnutrition at critical periods of development may
‘‘program’’ long-term health (Lucas, 1998), increasing risk
for later type 2 (noninsulin dependent) diabetes and cardiovascular disease in adulthood (Barker, 1998; Bertram
and Hanson, 2001; Forsén et al., 2000; Hales et al., 1991;
Joseph and Kramer, 1996; Langley-Evans, 2006).
From an evolutionary perspective, developmental plasticity allows the fetus to increase its chances for survival
and reproduction through modifications in growth trajectory in terms of size and physiology not only to avoid immediate negative energy balance, but possibly in expectation of the future nutritional environment as well
(Bateson et al., 2004; Kuzawa, 2005). Such ‘‘predictive
adaptive responses’’ serve the individual well when the
postnatal environment follows that which is predicted,
but may lead to a maladaptive phenotype should conditions change (Gluckman and Hanson, 2005). Thus, populations that have experienced poor nutrition followed by a
rapid nutritional transition and excessive energy imbalance may be particularly susceptible to developing chronic
diseases (Frisancho, 2003; Moore, 1998). For example,
when faced with malnutrition, fetal muscles may become
insulin-resistant, effectively sparing glucose for the brain
and red blood cells, resulting in a ‘‘thrifty phenotype’’ that
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could lead to impaired glucose tolerance and diabetes in
adulthood (Hales and Barker, 2001). Similarly, rats whose
mothers who were underfed during pregnancy developed
greater adiposity compared to those whose mothers
received a normal diet, suggesting a mismatch between
expected and actual postnatal conditions (Anguita et al.,
1993; Vickers et al., 2000).
The relationship between prenatal malnutrition and
later adiposity in humans is less clear. In developed
nations, birth weight has been found to have either a positive or J- or U-shaped correlation with adult body mass
index (BMI; kg/m2) (Curhan et al., 1996a,b; Leong et al.,
2003; Oken and Gillman, 2003; Parsons et al., 2001; Rasmussen and Johansson, 1998; Seidman et al., 1991; Sørensen et al., 1997). However, while BMI provides a rough
estimate of adiposity, prenatal malnutrition may affect
lean and adipose tissue differently. Experimentally
induced prenatal malnutrition in rats and guinea pigs has
been linked with reduced lean mass in the neonate and
later in life, perhaps as a result of peripheral insulin resistance and a sacrificing of muscle mass in favor of other
tissues (Bedi et al., 1982; Desai et al., 1996; Dwyer et al.,
1995). In humans, low-birth-weight neonates in developed
and developing nations generally have smaller body
dimensions and less lean mass than their normal birth
weight counterparts, though subcutaneous fat tends to be
well preserved (Akinyinka et al., 1999; Hediger et al.,
1998; Yajnik, 2000). This suggests that the fetus may
favor the preservation of adipose tissue when faced with
Contract grant sponsor: Wenner-Gren Foundation for Anthropological
Research; Contract grant number: 6709; Contract grant sponsor: National
Science Foundation; Contract grant number: BCS-0118984.
*Correspondence to: Patrick F. Clarkin, Department of Anthropology,
University of Massachusetts at Boston, 100 Morrissey Blvd, Boston, MA
02125, USA. E-mail: patrick.clarkin@umb.edu
Received 21 August 2006; Revision received 29 May 2007; Accepted 30
May 2007
DOI 10.1002/ajhb.20711
Published online 2 January 2008 in Wiley InterScience (www.interscience.
wiley.com).

HMONG ADIPOSITY AND HEIGHT

prenatal malnutrition, a particularly adaptive phenotype
for the human infant, given its metabolically expensive
brain and high dependence upon parental provisioning of
sustenance (Kuzawa, 1998; Yajnik et al., 2003). Moreover,
these effects on body composition may be lasting. Studies
of children and adults in various populations have found
lower birth weight to be associated with reduced lean
body mass and/or proportionately greater subcutaneous
and visceral fat (Byberg et al., 2000; Kahn et al., 2000; Li
et al., 2003; Loos et al., 2001, 2002; Murtaugh et al., 2003;
Okosun et al., 2000; Rogers et al., 2003; te Velde et al.,
2003).
Another consideration is that programming of body fat
may be triggered by environmental stimuli that do not
affect birth weight. In sheep, modest malnutrition in utero
had no effect on birth weight, but was associated with
increased postnatal adiposity (Budge et al., 2005). This
effect appeared greatest in early gestation, perhaps by
increasing adipocyte sensitivity to insulin-like growth factor (Symonds et al., 2004). Similarly, in a study of more
than 300,000 19-year-old Dutch male conscripts, those
exposed to famine in the first two trimesters of gestation
during the Second World War had a higher rate of obesity
compared to unexposed controls, while those exposed in
the third trimester had a lower rate compared to controls
(Ravelli et al., 1976). Thus, although birth weight is a better estimate of nutrition in late gestation (Neufeld et al.,
1999; Stein et al., 1975), the propensity for greater adipose
accumulation may be set earlier in gestation.
The purpose of the current study was to investigate the
relationship between war-related malnutrition in the perinatal and infant periods and the body composition, body
fat distribution, and height of adult Hmong refugees living in French Guiana and the United States. Using a biocultural approach, life history events during military conflict in Laos served as proxies for malnutrition. The
Hmong refugee diaspora was hypothesized to be particularly vulnerable to developing chronic disease in general,
and obesity and central obesity in particular, given its exposure to early malnutrition in Laos, followed by resettlement and rapid nutritional transition.

METHODS
Background and study design
The First and Second Indochina Wars (1945–54 and
1958–75, respectively) severely disrupted the precarious
traditional economy in rural Laos, particularly for the ethnic minority groups in the northeastern highlands such as
the Hmong (Branfman, 1972; Stuart-Fox, 1997; USAID,
1976). Specifically, the Hmong swidden agricultural system was exacerbated by military conflict through the
forced displacement of villagers for extended periods, the
destruction of trade routes, the terrorization of the farming population, and the depletion of male labor through
casualties and military recruitment (USAID, 1976; Weldon, 1999; Yang, 1993). During the Second Indochina War,
over two million tons of bombs were dropped on Laos by
US air planes, while fighting between rightist, communist, and neutralist ground forces led to *200,000 deaths
and the displacement of 750,000 civilians, in a nation of
roughly three million people (Morikawa, 1998; StuartFox, 1997). Poor security during the war led to an estimated 15% reduction in the number of hectares under rice

175

cultivation from 1968 to 73, while livestock production
also fell precipitously (Nutrition Committee of Laos, 1974;
Yang, 1993).
Importantly, exposure to warfare and malnutrition in
Laos was not geographically uniform, as most of the conflict occurred in the south, along the Ho Chi Minh Trail,
and in the northeast (Fig. 1). While infant mortality
rates were high throughout the country, they were much
higher in war-torn areas, reaching up to 500 per 1,000
births in some locales, compared to towns along the
Mekong or internal refugee centers supplied with food
(as low as 60 per 1,000 births) (Hankin et al., 1972; Weldon, 1999; WHO, 1970). Displaced individuals commonly
went without food for sustained periods, though many
received humanitarian aid upon making it to safe areas
(USAID, 1976; US Congress, 1970). Often, persons displaced from war-zone areas were reported to be starving,
with protein, calorie, and micronutrient deficiencies
(Weldon, 1999: 125; Yang, 1993: 51), a pattern consistently seen in mass population displacements from
armed conflict (Salama et al., 2004; Toole and Waldman,
1997). Therefore, being born in a war zone and being displaced from one’s village before age 2 years were used as
proxies for perinatal and infant malnutrition, respectively. Age 2 years was chosen as the cutoff for infancy, as
most growth retardation occurs before this age (Adair,
1999; Martorell and Habicht, 1986).
After the formation of the Lao People’s Democratic
Republic in May 1975, over 340,000 people of varying ethnicities eventually fled Laos, principally to refugee camps
in Thailand, to await repatriation or resettlement in a
third country (Quincy, 2000; Robinson, 1998). The greatest number of Hmong refugees resettled in the United
States, where between 170,000 and 300,000 live today;
smaller numbers resettled in Australia, France, Germany,
Canada, Argentina, and French Guiana (Hmong National
Development Council, 2004; Martin, 1992; Yang, 2003).
The current study focused on the Hmong in the United
States and French Guiana, because of differences in lifestyle and risk factors for obesity, including diet and physical activity levels.
The Hmong in French Guiana reside in rural, ethnically
homogeneous farming villages, with the majority living in
Cacao and Javouhey (900 and 1,100 residents, respectively). Adults in most households work as a family in the
fields for 9–10 h a day, 5–6 days a week (Clarkin, 2005a).
Reliance on mechanized agricultural equipment is low
and most activities require manual labor. This is because
of the terrain of the fields (particularly in mountainous
Cacao) and to the partial retention of traditional ‘‘slashand-burn’’ agricultural practices from Laos. Crops include
a wide array of fruits and vegetables, which are both consumed by Hmong families and sold to the Creole and
French populations in the city marketplaces. Rice, meat,
and to a lesser extent sweets are purchased from local village stores or from larger markets in the cities. Planting
and harvest seasons are not clearly delineated. While the
rainy season lasts from November to July, the workday
remains much the same year-round, because of the reliance on profits from sold produce to pay for electricity,
taxes, gasoline, phones, and other expenditures. Given
the diverse diet and high energy expenditures, Hmong
health in French Guiana appears good overall. Though epidemiological studies are lacking, a French physician in
Javouhey estimated that there were just a few cases each
American Journal of Human Biology DOI 10.1002/ajhb
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Fig. 1. Provinces of modern Lao People’s Democratic Republic. Shaded areas represent recorded instances of ordnance dropped by US air
strikes during the Second Indochina War, illustrating different exposure to military conflict between the northeast and northwest parts of the
country. The southern region marks the location of the Ho Chi Minh Trail. Reproduced with permission from UXO-Lao (n.d.), http://www.
uxolao.org/, 2006.

of hypertension, gout, and diabetes in the village in 2001;
infectious diseases were also rare.
By contrast, data from the 2000 US Census reveal that
Hmong adults and/or children in the US have experienced
high rates of obesity (Clarkin, 2005b; Himes et al., 1992;
Hyslop et al., 1996), type 2 diabetes (Her and Mundt,
2005), and elevated blood pressure (Clarkin, 2005a; Kunstadter, 2000; Munger et al., 1991). In addition, compared
to national percentages, Hmong in the United States had
higher poverty rates (38% vs. 12%), lower per capita
income ($6,613 vs. $21,587), and were more likely to be
linguistically isolated (35% vs. 4%), though these figures
have improved since the 1990 Census (Hmong National
Development Council, 2004). Therefore, place of residence
was used as a proxy for diet and physical activity postmiAmerican Journal of Human Biology DOI 10.1002/ajhb

gration, given the difference in lifestyles between these
two endpoints of the refugee diaspora.
While proxies are less than ideal, their use in the current study helped to streamline the questionnaire and
perhaps aided in recruiting participants. Additionally, the
use of place of migration as an estimate of changes in diet,
growth, and overall health has a long history in physical
anthropology and human biology (Mascie-Taylor and Little, 2004). Further, it was felt the differences between
Hmong in the US and French Guiana was sufficient to
warrant a summary categorization. In French Guiana,
there was a high degree of homogeneity in occupation and
thus physical activity, as most participants were full-time
farmers. Given the reliance on farming for sustenance in
French Guiana, it was observed that dietary intakes were
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comprised largely of locally grown produce. By contrast,
the Hmong in the US resided in urban areas, and just one
Hmong male participant in the US listed his occupation as
farmer.

was calculated using the formula, following Frisancho
(1990):
ðupper arm circum  triceps skf 3 pÞ2
43p

Data collection
Prior to conducting research, this study was approved
by the Institutional Review Board at Binghamton University (SUNY). Overall, 279 Hmong adults aged 18–51
years (mean 34.3 6 6.9) participated, including 74 males
and 26 females in the US and 92 males and 87 females in
French Guiana. From April to June of 2001, during a lull
in the rainy season, study participants were recruited
opportunistically from three rural villages in French Guiana (Cacao, Javouhey, and Regina). In the US, participants were recruited from urban areas in two northeastern states (RI and MA) and two Midwestern states (MN
and WI) in the US from February to December of 2002. In
both countries, the principal investigator and a Hmong
interpreter/liaison recruited participants by working
through local social hierarchies. Appointments were
made in person or by phone at potential participants’
homes and typically entailed the administration of questionnaires and anthropometric measurements to a married couple, in addition to any adult volunteers present
during the visit. Potential participants were excluded if
they were pregnant, injured, an amputee, currently ill, or
not of Hmong ethnicity.
Questionnaires were administered orally by the interpreter, with the P.I. present in all cases. This was followed
by the anthropometric measurements, taken by the P.I.
The entire process required 15–45 min per participant.
Questions pertained to place and date of birth, whether
one was displaced from their village by war before age two
years, the total number of times (up to six) one was displaced, whether a parent had died during the participant’s
childhood, the number of siblings and whether any had
died in childhood, number of years in a refugee camp, and
age at first resettlement in France, French Guiana, or the
United States. Participants were also asked whether they
were happy with their current living conditions and
whether they wished to return to Laos to live there permanently. Anthropometric measures included height, weight,
circumferences (abdominal, hip, and upper arm), and the
sum of four skinfolds (triceps, suprailliac, subscapular,
and medial calf). Weight and body fat percentage (BF%)
were measured to the nearest 0.1 kg and 0.1%, respectively, using a Tanita TBF-551 Body Fat Monitor/Scale
(Jebb et al., 2000). The machine calculates BF% via bioelectric impedance analysis, based on the principal that
adipose tissue is comprised of a lower percentage of water
than lean tissue (Baumgartner, 1996). The impedance
level is then entered into a regression equation standardized against dual energy X-ray absorptiometry, along
with data on the individual’s height, sex, and age. On
request, the machine in this study utilized regression
equations based on a sample of Asian ethnicity, as some
research suggests that Asians may have a higher BF% for
a given BMI than Whites (Deurenberg et al., 1999; He
et al., 2001). Derived measures included the abdominal/
hip ratio and a central skinfold ratio (two truncal skinfolds divided by the peripheral skinfolds), which served as
estimates of centralized adiposity. Body mass index (BMI)
was calculated as kg/m2, and upper arm muscle area (cm2)

Categorization of birthplaces
Participants were born in Laos or Thailand between
1951 and 1984, encompassing the Indochinese Wars, as
well as a guerilla resistance period that commenced after
1975. All birthplaces in Laos were in the north, above the
panhandle. Birthplaces were categorized as ‘‘safe zone’’ or
‘‘war zone’’ not solely on the basis of presence or absence
of military conflict, but rather on food security. For example, some places categorized as safe were refugee centers
or military outposts that housed civilians and were in
close proximity to conflict, but remained food secure, primarily through American provisions. Displaced persons in
refugee centers received an average of 500 g of glutinous
rice per day (1,800 kcal), in addition to other supplementary foods such as occasional canned meat (USAID, 1973:
26; Weldon, 1999: 200). Hunger was reported to exist only
among newly arrived refugees (USAID, 1971).
Specifically, the categories ‘‘war zone’’ and ‘‘safe zone’’
were determined as follows. First, participants were asked
for their actual, rather than legal, date of birth (month
and year) and place of birth (country, province, and village). They were then asked to categorize their place of
birth into one of four categories: safe village, military outpost, refugee center, or village in a war area, the first
three of which were considered food secure and condensed
into the category ‘‘safe zone’’ for analysis purposes. Birthplaces were categorized as ‘‘war zone’’ if they were vulnerable to food insecurity as a result of nearby conflict and
were not receiving food supplies at any point in the nine
months prior to the date of birth. All named birth villages
were cross-checked against the historical record, which
was given priority (Conboy, 1995; Kuhn, 1995; Pfaff, 1995;
Quincy, 2000; Robbins, 1987; Schanche, 1970; US Congress, 1970; Weldon, 1999; Yang, 1993). Information was
difficult to find for 70 birthplaces (25.1%). In these cases,
assistance with categorization was sought from three individuals familiar with the wars in Laos, including a former
USAID employee integral in distributing food to refugees
in Laos (Mr. Ernest C. Kuhn), a Hmong historian/sociologist (Dr. Yang Dao), and a former Hmong military officer
(Mr. Chue Toua Kue). Unanimity was achieved for 61 of
these, leaving nine (3.2% of total sample) categorized by
majority opinion.
Table 1 summarizes how birthplaces were categorized
by country and province. Laotian provinces are listed by
their official status at the time of the Second Indochina
War. All birthplaces in Thailand (the majority of which
were refugee camps) and the Laotian province of Sayaboury (which was buffered from the war by the Mekong
River and distance from the Vietnam border) were classified as safe-zone (Fig. 1). Xieng Khouang province, which
at the time of the war included modern-day Saysomboune
region, had the highest rate of birthplaces categorized as
war-zone (47.1%), followed by Luang Phrabang (which
included modern Oudomxay province), and Vientiane
(prefecture and province). Four individuals (1.4%) did not
know their province of birth; in these cases, birthplace
American Journal of Human Biology DOI 10.1002/ajhb
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TABLE 1. Categorization of birth places by province of birth

TABLE 2. Descriptive statistics of participants

(means 6 SD and percentages)
Country and province

N

Thailand
Laosa
Houa Phan
Luang Nam Tha
Luang Phrabang (includes Oudomxay)
Sayaboury
Vientiane prefecture/province
Xieng Khouang (includes Saysomboune)
Missing
Total

15
6
3
51
40
22
138
4
279

Classified
as war zone

Males
(n ¼ 166)

0 (0%)
0 (0%)
0 (0%)
16 (31.4%)
0 (0%)
3 (13.6%)
65 (47.1%)
1 (25%)
85 (30.5%)

a
Provinces in Laos are grouped as they appeared on maps at the time of the Second Indochina War.

was categorized using the self-description of the participant. For a full list of how each birthplace was categorized, see Clarkin (2004).
Statistical analyses
Statistical analyses were performed using SPSS 11.5
software (Chicago, Illinois). The anthropometric and life
history variables are presented using descriptive statistics, while various markers of infant and child distress
were tested for effects on adult height using t-tests. Multiple regression analysis was used to assess the relationship
between being born in a war zone and being displaced by
war in infancy on the dependent, anthropometric variables, including height, lean body mass (arm muscle area),
overall adiposity (body fat percentage, sum of four skinfolds), and central adiposity (abdominal/hip ratio, central
skinfold ratio). Both unstandardized and standardized
regression coefficients are presented to allow comparison
among the different predictors. BMI was not used as an
outcome variable in any regression model, as the attempt
was to look at more direct measures of body composition.
Covariates included age and sex, along with the migration
variables (country of residence and age at resettlement),
which acted as proxies for diet and physical activity. Interactive terms (e.g., birthplace 3 country of resettlement;
birthplace 3 being displaced in infancy) were tested, but
they were excluded because none was shown to be a confounder in any model. Nominal predictor variables were
‘‘dummy’’ coded as 0 and 1, and continuous variables were
checked for skewness. Pearson correlation coefficients were
used to assess the relationship between age at first resettlement abroad and adult height, while analysis of variance
(ANOVA) was used to assess the relationship between
being born in a war zone and body fat percentage.
RESULTS
A summary of the anthropometrics and life history variables is presented in Table 2. In general, Hmong adults of
both sexes were relatively short compared to US reference
data, with mean heights below the US 5th percentile (Frisancho, 1990). Mean BMI for both sexes was above 25 kg/
m2, the threshold for overweight (Flegal et al., 1998).
Markers of overall adiposity were higher for females,
while males had greater central adiposity and arm muscle
area.
The life history variables reveal that many participants
suffered from harsh living conditions at some point in
their lives. Overall, 30.5% of participants were born in a
American Journal of Human Biology DOI 10.1002/ajhb

Females
(n ¼ 113)

Current age and anthropometrics
Age (yrs)
34.2 6 7.2
34.4 6 6.8
Height (cm)
148.0 6 5.8a 159.5 6 6.2
2
a
26.5 6 4.5
26.1 6 3.5
BMI (kg/m )
BF%
37.9 6 8.8a
27.2 6 5.7
Sum 4 skf (mm)
86.7 6 23.4
67.5 6 21.4
Abdom/hip ratio (3100)
85.2 6 6.3
89.6 6 5.3a
Central skinfold ratiob
1.1 6 0.2
1.8 6 0.5
Arm muscle area (cm2)
27.5 6 5.8
41.3 6 8.3
Life history variables (all participants;
n ¼ 279)
Born in a war zone
30.5%
Displaced from village < age 2 years
38.8%
c
Total number of times displaced
2.5 6 1.9
8.2 6 4.0
Number of siblingsd
d
Sibling died as a child
76.8%
c
Parent died in subject’s childhood
24.2%
d
Number of years lived in a refugee camp
3.7 6 3.2
d
Age first resettled abroad
15.1 6 7.9
19.2 6 4.6
Total number of years resettled abroadd
d
Unhappy with current living conditions
8.3%
c
Desire to one day live in Laos permanently
25.5%
a

One case missing.
Central/periph skf.
Six cases missing.
d
Two cases missing.
b
c

war zone, while 38.8% were displaced from their village as
infants. The mean number of times a person was displaced
was 2.5, though 39.4% were displaced three times or
more, and 17.3% were displaced six times or more. Threefourths (76.8%) had a sibling who died in childhood, while
24.2% lost a parent as a child. Of the 212 responses for
cause of childhood sibling death, the most common was
‘‘infection/sickness’’ (78.3%), followed by ‘‘unspecified’’
(15.6%) and ‘‘starvation’’ (6.1%). On average, participants
spent 3.7 years in a refugee camp and 19.2 years resettled
abroad, with the average age at first resettlement being
15.1 years old. Hmong in the US were more likely to express
unhappiness than those in French Guiana (17.3% vs. 3.4%;
v2 ¼ 16.2; P < 0.001), as well as a desire to return to Laos
(48.5% vs. 13.0%; v2 ¼ 41.4; P < 0.001; data not shown in
table).
In addition, 178 Hmong in French Guiana gave their
primary occupation; 69.7% listed theirs as farmer (data
not shown). Other occupations included teacher/student/
office worker (12.4%), business owner (6.7%); manual laborer (5.1%), and homemaker (4.5%), though virtually all
Hmong in Cacao, Javouhey, and Regina, including teachers and restaurant owners, farm at least part of the time.
In the US, 96 gave their primary occupation, including
manual laborer/factory worker (42.7%), teacher/student/
office worker (35.4%), unemployed (12.5%), and homemaker (6.3%).
Table 3 displays the relationship between markers of
infant and childhood distress on adult height. Though
most markers of distress were negatively associated with
height (with the exception of loss of a parent in childhood),
this failed to reach statistical significance consistently for
both sexes. For females, being born in a war zone and having a childhood sibling who died were both significantly
associated with shorter height, while being displaced as
an infant just missed being statistically significant for
both sexes.
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TABLE 3. Mean height (cm) of Hmong refugees according to markers of infant and child distress
Males
n
Born in a war zone
Yes
51
No
115
Displaced while an infant
Yes
70
No
93
Lost a childhood sibling
Yes
129
No
34
Lost a parent as a child
Yes
40
No
122

Females

Mean 6 SD

t

P

n

Mean 6 SD

t

P

158.6 6 6.1
159.9 6 6.3

1.3

0.204

34
78

146.0 6 6.2
148.9 6 5.4

2.5

0.014**

158.4 6 7.1
160.3 6 5.4

1.9

0.061{

35
74

146.4 6 5.5
148.6 6 5.8

1.9

0.062*

159.1 6 5.9
160.7 6 7.4

1.3

0.250

82
30

147.2 6 5.9
150.0 6 5.1

2.3

0.024**

159.7 6 5.1
159.4 6 6.5

0.3

0.758

25
85

147.8 6 5.4
148.2 6 5.8

0.3

0.740

* P  0.10.
** P  0.05.

TABLE 4. Linear regression models for height and upper arm muscle area, with unstandardized (b) and standardized

(Beta) regression coefficients
Height (n ¼ 268)
b
Constant
Early life variables
Born in war zone
Displaced as infant
Covariates
Female sex
Age
Resettled in US
Age at resettlement
R2
R2 without sex in model

Beta

161.37
1.48
1.67
11.71
0.08
0.76
0.25

0.08
0.10
0.70
0.07
0.04
0.24
0.536
0.079

Arm muscle area (n ¼ 270)
P

b

<0.001***

45.06

0.088*
0.043**

0.36
0.10

<0.001***
0.373
0.364
0.002***

14.52
0.05
2.89
0.06

Beta

P
<0.001***

0.02
0.01
0.73
0.03
0.14
0.05
0.518
0.014

0.732
0.919
<0.001***
0.682
0.004***
0.565

* P  0.10.
**P  0.05.
*** P  0.01.

Linear regression models
In the regression models, being displaced as an infant
had a significant inverse relationship with final adult
height after controlling for the covariates (Table 4). Age at
resettlement abroad was also a significant predictor of
height, with individuals who resettled at younger ages
being taller, as they spent more of their growing years spent
in better environmental conditions than those faced in
Southeast Asia. This inverse relationship is significant for
both sexes and is expressed graphically in Figure 2. Upper
arm muscle area was negatively associated with resettlement in the United States, though neither early life variable was a significant predictor. The relationship between
the predictor variables and the adiposity variables is shown
in Table 5. Being born in a war zone had a consistent relationship with greater overall and centralized adiposity,
though displacement in infancy was not a significant predictor in any model. This relationship is illustrated in Figure
3; with body fat percentage being significantly higher for
males and females who were born in a war zone, after controlling for sex (ANOVA, F ¼ 4.59, P ¼ 0.033). Contrary to
what was expected, place of resettlement was associated
only with the central skinfold ratio, with Hmong in the US
having higher values. The total variance (R2) explained by
the variables ranged from 21.0% to 53.6% in the various

Fig. 2. Scatterplot of age at resettlement and adult height. R-values refer to Pearson correlation coefficients. For both males (n ¼ 165)
and females (n ¼ 111), migrating at younger ages to either French
Guiana or the United States was significantly correlated with greater
adult height.
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TABLE 5. Linear regression models for adiposity, with unstandardized (b) and standardized (beta) regression coefficients
Body fat %
(n ¼ 270)
b

Constant
Early life variables
Born in war zone
Displaced as infant
Covariates
Female sex
Age
Resettled in US
Age at resettlement
2
R
R2 without sex in model

Beta

22.25

Sum of four skinfolds
(n ¼ 270)
P

b

<0.001***

36.78

0.032**
0.782

7.25
1.22

0.14
0.02

20.22
1.08
0.15
0.54

0.41
<0.001***
0.31
0.002***
0.00
0.963
0.18
0.091*
0.212
0.053

2.37
0.29

0.12
0.02

11.05
0.14
0.28
0.05

0.60
<0.001***
0.11
0.224
0.01
0.793
0.04
0.654
0.375
0.036

Beta

P
<0.001***
0.029**
0.696

Central skf ratio
(n ¼ 270)
b

Beta

1.36

Abdominal/hip ratio
(n ¼ 269)
P

b

<0.001***

80.37

0.15
0.06

0.14
0.06

0.006***
0.214

1.93
0.13

0.63
0.01
0.23
0.01

0.62
<0.001***
0.15
0.054*
0.21
<0.001***
0.09
0.285
0.498
0.140

4.17
0.26
0.47
0.01

Beta

P
<0.001***

0.15
0.01

0.020**
0.863

0.34
0.30
0.04
0.01
0.210
0.100

<0.001***
0.003***
0.555
0.926

*P  0.10.
** P  0.05.
*** P  0.01.

Fig. 3. Mean body fat percentage for adult Hmong by place of birth.
After controlling for sex, being born in a war zone was significantly
associated with higher body fat in adulthood following migration
(ANOVA, P ¼ 0.033)

models. However, after removing the predictor variable sex
from each model, the amount of variance explained declined
precipitously. Relatively small sample sizes prevented separate models being performed for each sex.
DISCUSSION
Height
The aim of this study was to investigate the relationship
between proxies for early malnutrition and height, body
composition, and body fat distribution of adult Hmong refugees, while using place of resettlement as a marker for
current and recent diet and physical activity. In the univariate analyses, being displaced in infancy (before age 2
years) was associated with shorter height, though this
just missed statistical significance for both sexes. Being
born in a war zone and experiencing the loss of a childhood sibling was associated with shorter height for
females only. This disparity between the sexes could represent a real biological difference, or may represent an
American Journal of Human Biology DOI 10.1002/ajhb

effect of the nonrandom sample and selection bias. In the
multiple regression analysis, being displaced in infancy
was negatively associated with height after controlling for
other confounders, while being born in a war zone
approached significance (P ¼ 0.088). It is not surprising
that both proxies for early malnutrition would be associated with shorter adult height, as they are indicative of
poor living conditions. Although height may be affected by
environmental conditions throughout the growth period,
it seems particularly vulnerable before age 2 years, as
shorter adult height has been correlated with low birth
weight and exposure to famine in infancy or even late gestation (Li et al., 2003; Sørensen et al., 1999; Stein et al.,
1975). However, age at resettlement was inversely related
to height in the current study, suggesting that the potential for increased height or catch-up growth increased
the earlier that resettlement occurred.
Height is often viewed as a reflection of living conditions
and population health (Bogin et al., 2002; Komlos, 1994;
Tanner, 1990). In the past century, conditions created by
warfare consistently have been linked with reduced stature in children and adults (Bogin and Keep, 1999; Keys
et al., 1950; Kimura, 1984; Vlastovsky, 1966). This
appears true of the current study as well, as proxies for
malnutrition in early life were associated with reduced
height in adulthood. Hmong and other ethnic groups in
Laos trapped in war-zone areas were mostly poor, subsistence farmers who faced broken agricultural cycles and
long, arduous journeys on foot to places of safety. Nutrition surveys revealed that even in safe areas during the
wars in Laos the intake of calories and some micronutrients was often barely adequate (Gerhold, 1967; Hankin
et al., 1972; Ireson, 1969). Therefore, it is likely that the
majority of individuals in the current study endured at
least some degree of malnutrition, though military conflict
certainly caused these deficiencies to deteriorate further.
Unfortunately, few other studies have examined the longterm effects of the wars in Southeast Asia on growth and
maternal/child health (but see: Hop, 2003; Savitz et al.,
1993).
Body composition
The results also revealed that Hmong born in a war
zone had greater adiposity (body fat%, sum of four skinfolds) and central adiposity (central skinfold ratio, abdom-
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inal/hip ratio) after controlling for confounders. This is
consistent with other studies that have linked prenatal
malnutrition or low birth weight with greater adiposity in
adulthood (Law et al., 1992; Loos et al., 2001, 2002; Rasmussen et al., 2005; Ravelli et al., 1976; te Velde et al.,
2003). Notably, in the regression models birthplace was
associated with greater adiposity, while being displaced in
infancy was associated with shorter height. This lends
credence to the validity of these proxies, as research suggests that the first two trimesters of gestation are a critical period for developing elevated adiposity (Ravelli et al.,
1976) while height is vulnerable before age 2 years (Adair,
1999; Martorell and Habicht, 1986). Importantly, the current study tested whether being born in a war zone was
associated with adiposity as a continuous variable, rather
than obesity, per se. The rationale for this is that studies
in India have demonstrated that infants and adults faced
with prenatal malnutrition tend to have fairly low BMI
values but have elevated adiposity, a pattern referred to
as the ‘‘thin and fat’’ phenotype (Yajnik, 2000; Yajnik
et al., 2003).
Further, being born in a war-zone was a slightly better
predictor of the central adiposity variables (P ¼ 0.006 to
0.020) than the overall adiposity variables (P ¼ 0.029 to
0.032). Similarly, Rogers et al. (2003) reported that birth
weight and the intrauterine environment tend to be more
highly correlated with central adiposity than general adiposity. This has biological plausibility, as intra-abdominal
fat is metabolically more labile than subcutaneous adipose
tissue (Snijder et al., 2006), though low birth weight has
been linked with greater centralization of subcutaneous
fat as well (Bavdekar et al., 1999; Malina et al., 1996; Valdez et al., 1994). The adaptive significance of developmental plasticity and intra-abdominal fat deposition as a
means to stave off starvation has been emphasized by
Gluckman and Hanson (2005), where a fetus faced with
malnutrition may alter its metabolism to better retain
body fat, particularly abdominal or truncal fat, in expectation of future energy shortage. Similar patterns have been
observed in rats, where prenatal food restriction has led to
postnatal alterations in appetite and greater centralization of adiposity (Bellinger et al., 2004; Vickers et al.,
2000).
It has been suggested that the effects of prenatal malnutrition on obesity ‘‘may be detectable only among subjects who move across the plane of nutrition from scarcity
early in life to abundance or even excess in adulthood’’
(Martorell et al., 2001: 878S). The historical circumstances of the Hmong, who faced hardship via poverty and
warfare, coupled with migration experiences later in life
fit this scenario and provide a unique opportunity to study
the effects of early malnutrition on body composition.
Given the very high infant mortality rates in Laos during
the war, it is possible that Hmong infants that were better
able to make metabolic adaptations to store body fat were
more likely to survive stresses that accompany weaning.
This implies a cohort effect, where survival through
infancy and childhood was correlated with growth performance. If such adaptations were permanent, a positive
shift in the nutritional milieu following resettlement could
lead to the development of greater adiposity. From a public health perspective, as populations shift from conditions
of nutritional deprivation to excess, whether through local
economic transition or physical migration to a new environment, negative health outcomes resulting from obesity

may emerge. For example, central obesity in particular is
an independent predictor of later cardiovascular disease
and type 2 diabetes (Bjorntorp, 1992).
Alternatively, the links between being born in a war
zone and elevated adiposity may have a nonphysiological
explanation. For example, Guggenheim (1977) referred to
‘‘obesogenic’’ parents who had memories of premigration
nutritional scarcity. Such parents may overfeed their children to protect them from experiencing feelings of hunger.
This possibility could account for the discrepancy in the
relationship between birthplace with adipose and muscle
tissue. While being born in a war zone was associated
with elevated adiposity, it was not associated with the
expected reductions in arm muscle area. Ostensibly, this
study could have benefited from more direct estimates of
muscularity and at more sites on the body.
It is also true that early malnutrition is neither sufficient nor necessary in gaining excessive adipose tissue;
current diet and physical activity are obviously important
as well, and populations obviously have high rates of obesity without experiencing prenatal malnutrition. However, an attempt was made to control for some of these factors, using place of resettlement as a proxy for current
energy balance. It is surprising that this was not a predictor of overall adiposity. This may be due to the nonrandom
samples recruited, which may not be wholly representative of their larger populations. Further, while the majority of Hmong in French Guiana are rural farmers, they
tend to live fairly well. It is estimated that the Hmong
supply more than half of the fruits and vegetables in the
country, allowing them a steady source of income and a
degree of material comfort (Clarkin, 2005a; Géraud,
1997).
Resettlement in the US, however, was associated with a
greater central skinfold ratio and lower arm muscle area
compared with French Guiana. Others have reported that
central and peripheral skinfolds in children have been
affected by postnatal environmental factors, including
place of migration and socio-economic status (Bogin and
Sullivan, 1986; Ramirez and Mueller, 1980). The greater
arm muscle area among Hmong in French Guiana could
possibly be indicative of higher physical activity levels due
to their reliance on manual labor for farming, though
post-hoc analyses revealed no significant difference
between nonmanual vs. farming and manual occupations
for arm muscle area after controlling for sex and place of
residence (F ¼ 0.052; P ¼ 0.820; data not shown).
Limitations
As this is a retrospective study with a nonrandom sample, the links between war-related markers of perinatal or
infant distress and later adiposity and height cannot be
proven to be causal. Additionally, this study is limited by
the potential for faulty recall on the part of participants
and the use of indirect proxies for early nutrition and current diet and physical activity levels. The ideal data would
be direct observations of dietary intakes of pregnant
Hmong mothers and their infants; in the absence of these,
proxies must suffice. Moreover, although birthplaces were
confidently categorized as safe-zone or war-zone, this
study could not account for individual nutritional variation within a village, or for degree or duration of perinatal
malnutrition. Other potentially important missing information includes length of gestation of participants and
American Journal of Human Biology DOI 10.1002/ajhb
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where mothers resided throughout gestation, as opposed
to solely at birth.
In addition, the various stressors accompanying war
make it difficult to isolate nutrition as the sole factor
affecting height and body composition in the current
study. Warfare consistently leads to malnutrition, but it
also creates a suite of experiences that are detrimental to
child growth and development, including increased risk of
injury, infection, and psychological stress, particularly in
developing countries (Cohen and Pinstrup-Andersen,
1999; Guha-Sapir and van Panhuis, 2003; Toole and Waldman, 1993; Yip and Sharp, 1993). Hmong mothers in war
zones likely faced psychological stress, the effects of which
may impact fetal development (Zhang et al., 2004), while
refugees moving from the highlands to valleys in Laos
faced greater exposure to mosquito-borne diseases such as
malaria. However, some Hmong born in safe zones, such
as refugee or military centers remained food secure, but
also likely faced psychological stress during military conflict. Therefore, an effort was made to focus primarily on
perinatal and infant nutrition, though other factors cannot be discounted.
CONCLUSIONS
Individuals born in war-zone areas or who were displaced by war as infants were presumed to have experienced malnutrition in the perinatal and infant periods,
respectively. Being born in a war zone was associated with
higher adiposity and central adiposity in regression analyses, while being displaced in infancy was associated with
shorter height, suggesting long-term effects of war on
Hmong growth and development. Few studies have
addressed the developmental origins of chronic disease in
populations like the Hmong, i.e., those who faced poor
early nutrition followed by migration and rapid change in
environment (Frisancho, 2003; Moore, 1998), though this
may be changing. For example, King et al. (2005) suggested that the elevated rates of diabetes in Cambodia
could be, in part, a legacy of the Khmer Rouge period.
Future research should address whether early malnutrition may have affected the health of other war-exposed
populations, including sedentes and refugee migrants,
particularly in other populations from Southeast Asia.
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Géraud M-O. 1997. Regard sur les Hmong de Guyane Francaise: Les
detours d’une coutume. Paris: L’Harmattan.
Gerhold C. 1967. Food habits of the valley people of Laos. J Am Diet Assoc
50:493–497.

HMONG ADIPOSITY AND HEIGHT
Gluckman P, Hanson M. 2005. The fetal matrix: evolution, development
and disease. Cambridge: Cambridge University Press.
Gluckman P, Hanson M, Beedle AS. 2007. Early life events and their consequences for later disease: a life history and evolutionary perspective.
Am J Hum Biol 19:1–19.
Guggenheim FG. 1977. Basic considerations in the treatment of obesity.
Med Clin North Am 61:781–796.
Guha-Sapir D, Panhuis WG. 2003. The importance of conflict-related mortality in civilian populations. Lancet 361:2126–2128.
Hales CN, Barker DJP. 2001. The thrifty phenotype hypothesis. Br Med
Bull 60:5–20.
Hales CN, Barker DJP, Clark PMS, Cox LJ, Fall C, Osmond C, Winter PD.
1991. Fetal and infant growth and impaired glucose tolerance at age 64.
BMJ 303:1019–1022.
Hankin J, Breakey G, Chularerk U. 1972. Nutritional status of villagers in
Laos. HSMHA Health Rep 87:145–153.
He M, Tan KCB, Li ETS, Kung AWC. 2001. Body fat determination by dual
energy X-ray absorptiometry and its relation to body mass index and
waist circumference in Hong Kong Chinese. Int J Obes 25:748–752.
Hediger ML, Overpeck MD, Kuczmarski RJ, McGlynn A, Maurer KR,
Davis WW. 1998. Muscularity and fatness of infants and young children
born small- or large-for-gestational age. Pediatrics 102:1–7.
Her C, Mundt M. 2005. Risk prevalence for type 2 diabetes mellitus in
adult Hmong in Wisconsin: a pilot study. WMJ 104:70–77.
Himes JH, Story M, Czaplinski K, Dahlberg-Luby E. 1992. Indications of
early obesity in low-income Hmong children. Am J Dis Child 146:67–69.
Hmong National Development Council. 2004. Accessed December 27,
2006. http://www.hndlink.org/datastat.htm.
Hop LT. 2003. Secular trend in size at birth of Vietnamese newborns during the last 2 decades (1980–2000). Asia Pac J Clin Nutr 12:266–270.
Hyslop AE, Deinard AS, Dahlberg-Luby E, Himes JH. 1996. Growth patterns of first-generation Southeast Asian Americans from birth to 5
years of age. J Am Board Fam Pract 9:328–335.
Ireson CJ. 1969. Nutrition survey of six Lao villages. Vientiane, Laos:
International Voluntary Services.
Jebb SA, Cole TJ, Doman D, Murgatroyd PR, Prentice AM. 2000. Evaluation of the novel Tanita body-fat analyser to measure body composition
by comparison with a four-compartment model. Br J Nutr 83:115–122.
Joseph KS, Kramer MS. 1996. Review of the evidence on fetal and early
childhood antecedents of adult chronic disease. Epidemiol Rev 18:158–174.
Kahn HS, Narayan KM, Williamson DF, Valdez R. 2000. Relation of birth
weight to lean and fat thigh tissue in young men. Int J Obes Relat Metab
Disord 24:667–672.
Keys A, Brozek J, Henschel A, Mickelsen O, Taylor HL. 1950. The biology
of human starvation. Minneapolis: University of Minnesota Press.
Kimura K. 1984. Studies on growth and development in Japan. Yearb Phys
Anthropol 27:179–214.
King H, Keuky L, Seng S, Khun T, Roglic G, Pinget M. 2005. Diabetes and
associated disorders in Cambodia: Two epidemiological surveys. Lancet
366:1633–1639.
Komlos J. 1994. Stature, living standards, and economic development:
essays in anthropometric history. Chicago: University of Chicago Press.
Kuhn EC. 1995. US Foreign Assistance Oral History Program: Foreign
Affairs Oral History Collection. Arlington, VA: Association for Diplomatic Studies and Training.
Kunstadter P. 2000. Health transitions associated with economic change
among Hmong in Thailand and Hmong refugees in California. Conference paper presented at Anthropology and Health: Disease Profiles in
Developed and Developing Countries, Hvar, Croatia, June 18–24, 2000.
Kuzawa CW. 1998. Adipose tissue in human infancy and childhood: an evolutionary perspective. Yearb Phys Anthropol 41:177–209.
Kuzawa CW. 2005. Fetal origins of developmental plasticity: are fetal cues
reliable predictors of future nutritional environments? Am J Hum Biol
17:5–21.
Langley-Evans SC. 2006. Developmental programming of health and disease. Proc Nutr Soc 65:97–105.
Law CM, Barker DJ, Osmond C, Fall CH, Simmonds SJ. 1992. Early
growth and abdominal fatness in adult life. J Epidemiol Community
Health 46:184–186.
Leong NM, Mignone LI, Newcomb PA, Titus-Ernstoff L, Baron JA, Trentham-Dietz A, Stampfer MJ, Willett WC, Egan KM. 2003. Early life risk
factors in cancer: the relation of birth weight to adult obesity. Int J Cancer 103:789–791.
Li H, Stein AD, Barnhart HX, Ramakrishnan U, Martorell R. 2003. Associations between prenatal and postnatal growth and adult body size and
composition. Am J Clin Nutr 77:1498–1505.
Lobstein T. 2004. The prevention of obesity in children. Pediatr Endocrinol
Rev 1 (Suppl 3):471–475.
Loos RJF, Beunen G, Fagard R, Derom C, Vlietinck R. 2001. Birth weight
and body composition in young adult men—A prospective twin study. Int
J Obes 25:1537–1545.

183

Loos RJF, Beunen G, Fagard R, Derom C, Vlietinck R. 2002. Birth weight
and body composition in young women: a prospective twin study. Am J
Clin Nutr 75: 676–682.
Lucas A. 1998. Programming by early nutrition: An experimental
approach. J Nutr 128:401S–406S.
Malina RM, Katzmarzyk PT, Beunen G. 1996. Birth weight and its relationship to size attained and relative fat distribution at 7–12 years of
age. Obes Res 4:385–390.
Martin E. 1992. Hmong in French Guyana: an improbable gamble. Refugees 7:28–29.
Martorell R, Habicht J-P. 1986. Growth in early childhood in developing
countries. In: Falkner F, Tanner JM, editors. Human growth: a comprehensive treatise, Vol. 3: methodology: ecological, genetic, and nutritional
effects on growth, 2nd ed. New York: Plenum. p 241–262.
Martorell R, Stein AD, Schroeder DG. 2001. Early nutrition and later adiposity. J Nutr 131:874S–880S.
Mascie-Taylor CGN, Little MA. 2004. History of migration studies in biological anthropology. Am J Hum Biol 16: 365–378.
Mendez MA, Monteiro CA, Popkin BM. 2005. Overweight exceeds underweight among women in most developing countries. Am J Clin Nutr
81:714–721.
Moore SE. 1998. Nutrition, immunity and the fetal and infant origins of
disease hypothesis in developing countries. Proc Nutr Soc 57:241–247.
Morikawa M. 1998. Legacy of the secret war: medical needs in the UXOcontaminated areas in Laos. J Am Board Fam Pract 11:485–486.
Munger R, Gomez-Marin O, Prineas RJ, Sinaiko AJ. 1991. Elevated blood
pressure among Southeast Asian refugee children in Minnesota. Am J
Epidemiol 133:1257–1265.
Murtaugh MA, Jacobs DR Jr, Moran A, Steinberger J, Sinaiko AR. 2003.
Relation of birth weight to fasting insulin, insulin resistance, and body
size in adolescence. Diabetes Care 26:187–192.
Neufeld L, Pelletier DL, Haas JD. 1999. The timing hypothesis and body
proportionality of the intra-uterine growth retarded infant. Am J Hum
Biol 11:638–646.
Nutrition Committee of Laos. 1974. Nutrition strategies for Laos. Cambridge: International Nutrition Planning Program.
Oken E, Gillman MW. 2003. Fetal origins of obesity. Obes Res 11:496–506.
Okosun IS, Liao Y, Rotimi CN, Dever GE, Cooper RS. 2000. Impact of birth
weight on ethnic variations in subcutaneous and central adiposity in
American children aged 5–11 years. A study from the Third National
Health and Nutrition Examination Survey. Int J Obes Relat Metab Disord 24:479–484.
Parsons TJ, Power C, Manor O. 2001. Fetal and early growth and body
mass index from birth to early adulthood in 1958 British cohort: longitudinal study. BMJ 323:1331–1335.
Pfaff T. 1995. Hmong in America: journey from a secret war. Eau Claire,
WI: Chippewa Valley Museum Press.
Popkin BM. 2001. The nutrition transition and obesity in the developing
world. J Nutr 131:871S–873S.
Quincy K. 2000. Harvesting Pa Chay’s Wheat: the Hmong and America’s
secret war in Laos. Spokane, WA: Eastern Washington University Press.
Ramirez ME, Mueller WH. 1980. The development of obesity and fat patterning in Tokelau children. Hum Biol 52:675–687.
Rasmussen EL, Malis C, Jensen CB, Jensen JE, Storgaard H, Poulsen P,
Pilgaard K, Schou JH, Madsbad S, Astrup A, Vaag A. 2005. Altered fat
tissue distribution in young adult men who had low birth weight. Diabetes Care 28:151–153.
Rasmussen F, Johansson M. 1998. The relation of weight, length and ponderal index at birth to body mass index and overweight among 18-yearold males in Sweden. Eur J Epidemiol 14:373–380.
Ravelli G-P, Stein ZA, Susser MW. 1976. Obesity in young men after famine exposure in utero and early infancy. N Engl J Med 295:349–353.
Robbins T. 1987. The Ravens: The men who flew in America’s secret war in
Laos. New York: Crown.
Robinson WC. 1998. Terms of refuge: the Indochinese exodus and the international response. London: Zed Books.
Rogers I and EURO-BLCS Study Group. 2003. The influence of birthweight and intrauterine environment on adiposity and fat distribution
in later life. Int J Obes Relat Metab Disord 27:755–777.
Salama P, Spiegel P, Talley L, Waldman R. 2004. Lessons learned from
complex emergencies over past decade. Lancet 364:1801–1813.
Savitz DA, Thang NM, Swenson IE, Stone EM. 1993. Vietnamese infant
and childhood mortality in relation to the Vietnam War. Am J Public
Health 83:1134–1138.
Schanche DA. 1970. Mister Pop. New York: McKay.
Seidman DS, Laor A, Gale R, Stevenson DK, Danon YL. 1991. A longitudinal study of birth weight and being overweight in late adolescence. Am J
Dis Child 145:782–785.
Snijder MB, van Dam RM, Visser M, Seidell JC. 2006. What aspects of
body fat are particularly hazardous and how do we measure them? Int J
Epidemiol 35:83–92.

American Journal of Human Biology DOI 10.1002/ajhb

184

P.F. CLARKIN

Sørensen HT, Sabroe S, Rothman KJ, Gillman M, Fischer P, Sørensen TI.
1997. Relation between weight and length at birth and body mass index
in young adulthood: Cohort study. BMJ 315:1137.
Sørensen HT, Sabroe S, Rothman KJ, Gillman M, Steffensen FH, Fischer
P, Sørensen TI. 1999. Birth weight and length as predictors for adult
height. Am J Epidemiol 149:726–729.
Stein Z, Susser M, Saenger G, Marolla F. 1975. Famine and human development: the Dutch hunger winter of 1944–1945. New York: Oxford University Press.
Stuart-Fox M. 1997. A history of Laos. Cambridge: Cambridge University
Press.
Symonds ME, Pearce S, Bispham J, Gardner DS, Stephenson T. 2004. Timing of nutrient restriction and programming of fetal adipose tissue development. Proc Nutr Soc 63:397–403.
Tanner JM. 1990. Fetus into man: physical growth from conception to maturity. Cambridge, MA: Harvard University Press.
te Velde SJ, Twisk JWR, van Mechelen W, Kemper HCG. 2003. Birth
weight, adult body composition, and subcutaneous fat distribution. Obes
Res 11:202–208.
Toole MJ, Waldman RJ. 1993. Refugees and displaced persons: war, hunger, and public health. JAMA 270:600–605.
Toole MJ, Waldman RJ. 1997. The public health aspects of complex
emergencies and refugee situations. Ann Rev Public Health 18:283–
312.
USAID (United States Agency for International Development). 1971. Refugee relief and relocation: Project appraisal report. Internal Ref. No. PDAAF-042-G1. Silver Spring, MD: Development Experience Clearinghouse.
USAID (United States Agency for International Development). 1973. Facts
on foreign aid to Laos. Internal Ref. No. PN-ABI-555. Silver Spring, MD:
Development Experience Clearinghouse.
USAID (United States Agency for International Development). 1976. Termination report, USAID Laos. Internal Ref. No. PN-AAX-021. Silver
Spring, MD: Development Experience Clearinghouse.
US Congress Senate Committee on the Judiciary.Subcommittee to Investigate Problems Connected with Refugees and Escapees. 1970. Refugee
and civilian war casualty problems in Laos and Cambodia. Hearings,

American Journal of Human Biology DOI 10.1002/ajhb

Ninety-First Congress, Second Session. Washington, DC: US Government Printing Office.
UXO-Lao. n.d. http://www.uxolao.org/. Accessed July 9, 2006.
Valdez R, Athens MA, Thompson GH, Bradshaw BS, Stern MP. 1994.
Birthweight and adult health outcomes in a biethnic population in the
USA. Diabetologia 37:624–631.
Vickers MH, Breier BH, Cutfield WS, Hofman PL, Gluckman PD. 2000. Fetal origins of hyperphagia, obesity, and hypertension and postnatal
amplification by hypercaloric nutrition. Am J Physiol Endocrinol Metab
279:E83–E87.
Vlastovsky VG. 1966. The secular trend in the growth and development of
children and young persons in the Soviet Union. Hum Biol 38:219–230.
Weldon C. 1999. Tragedy in paradise: a country doctor at war in Laos.
Bangkok: Asia Books.
WHO (World Health Organization). 1970. Nutrition advisory services.
Kingdom of Laos: Assignment report, 8 December, 1968–14 November,
1969. Geneva: WHO, Regional Office for the Western Pacific.
WHO (World Health Organization). 2000. Obesity: preventing and managing
the global epidemic. Geneva: WHO.WHO Technical Report Series 894.
http://whqlibdoc.who.int/trs/WHO_TRS_894.pdf. Accessed July 9, 2006.
Yajnik C. 2000. Interactions of perturbations in intrauterine growth and
growth during childhood on the risk of adult-onset disease. Proc Nutr
Soc 59:257–265.
Yajnik CS, Fall CHD, Coyaji KJ, Hirve SS, Rao S, Barker DJP, Joglekar C,
Kellingray S. 2003. Neonatal anthropometry: The thin-fat Indian baby.
The Pune Maternal Nutrition Study. Int J Obes Relat Metab Disord
27:173–180.
Yang D. 1993. Hmong at the turning point. Minneapolis: Worldbridge
Associates.
Yang K. 2003. Hmong diaspora of the post-war period. Asian Pac Migrat J
12:271–300.
Yip R, Sharp TW. 1993. Acute malnutrition and high childhood mortality
related to diarrhea. Lessons from the 1991 Kurdish refugee crisis.
JAMA 270:587–590.
Zhang TY, Parent C, Weaver I, Meaney MJ. 2004. Maternal programming
of individual differences in defensive responses in the rat. Ann N Y Acad
Sci 1032:85–103.

