
American Journal of Public Health | November 2001, Vol 91, No. 111800 | Research Articles | Peer Reviewed | Geltman et al.

 RESEARCH 

Objectives. This study analyzed growth and identified related medical conditions among refugee
children in Massachusetts.

Methods. Between July 1995 and June 1998, 1825 refugee children were screened. Variables included
positive tuberculin (purified protein derivative; PPD) test; dental abnormalities; pathogenic parasites;
weight-for-age, height-for-age, and weight-for-height z scores; and body mass index greater than the 84th
percentile.

Results. Of all the children, 21% had parasites, 62% had caries, and 25% had a positive PPD re-
action. Twelve percent overall and 28% younger than 2 years had anemia. Eight percent had height-
for-age z scores less than –2, and 6% had weight-for-age z scores greater than +2. Of those aged 1
to 9 years, 7% had weight-for-height z scores greater than +2.Weight-for-height z scores less than –2
were concentrated among Africans and East Asians (both 8%). Height-for-age z scores less than –2 were
seen among African (13%), Near Eastern (19%), and East Asian (30%) children.Weight-for-height z scores
greater than +2 and body mass index greater than the 84th percentile were concentrated among
children from the former Yugoslavia (8% and 15%) and the former Soviet Union (8% and 14%).

Conclusions. Recently arrived refugee children have significant growth abnormalities. European
refugees were overweight; those from developing countries had growth retardation. (Am J Public Health.
2001;91:1800–1805)

Growth Status and Related Medical Conditions 
Among Refugee Children in Massachusetts, 1995–1998
| Paul L. Geltman, MD, MPH, Marjorie Radin, MS, Zi Zhang, MPH, Jennifer Cochran, MPH, and Alan F. Meyers, MD, MPH

Until recently, children granted official refu-
gee visas have originated predominantly from
the former Soviet Union and Southeast Asia.
Current trends indicate increasing numbers
emigrating from other parts of the world,
such as the former Yugoslavia, Iraq, Cuba,
Haiti, Somalia, and other parts of Africa. In
the past year, Bosnians received the largest al-
location of refugee visas for the first time. In
coming years, refugee visa slots for Africans
also will be prioritized.1

In the 1990s, both wars2–4 and environ-
mental disasters5,6 heightened the nutritional
and health risks of children living in countries
that subsequently sent refugees to the United
States. Although previous cohorts of refugee
children in the United States have had growth
and nutritional disorders,7 more recent stud-
ies of smaller clinic populations of refugee
children in the United States and abroad did
not find high prevalence rates of growth defi-
ciency but detected high prevalence rates of
other problems, such as intestinal parasites,
anemia, dental abnormalities,8–10 and chronic
conditions, including obesity.11 Given the in-
creasing diversity of refugees in recent years,
these reports may not provide an accurate de-
scription of their health and nutritional status.

In this article, the term refugee applies to
children who were eligible for refugee med-
ical screening as defined by US federal law
(the Immigration and Nationality Act, as
amended by the Refugee Act of 1980): those
individuals who, having fled persecution of
themselves or their families, hold refugee
visas or political asylum designations from the
US government or are specially designated
entrants from Haiti or Cuba. In mid-1995,
refugee medical screening in Massachusetts
was consolidated as the Refugee Health As-
sessment Program (RHAP) under the auspices
of the Massachusetts Department of Public
Health and contracted to a limited network of
clinical sites. By 1999, RHAP was screening
90% of the newly arrived refugees (unpub-
lished state FY2000 program data from the

Refugee and Immigrant Health Program,
Massachusetts Department of Public Health,
November 14, 2000). Consequently, more
comprehensive data related to refugee health
status are now available for review.

We sought to describe the growth indices
and health status of all refugee children
screened through the RHAP during a recent
3-year period. In this article, we present
findings from the analysis of anthropometric
and selected medical screening data col-
lected as part of the RHAP and describe as-
sociations between medical conditions and
growth abnormalities in a large cohort of ref-
ugee children with diverse countries of ori-
gin. Findings from this study should be appli-
cable to refugees outside Massachusetts
because refugee demographics in Massachu-
setts roughly match those of other states, ex-
cept for a slightly higher representation of
children from the former Soviet Union. In
addition, because many immigrants come
from backgrounds similarly traumatic to
those of refugees, findings may provide in-
sights relevant to the health status of other
immigrant groups.

METHODS

Refugee children younger than 18 years
were screened at 16 contracted sites around
Massachusetts; nearly half of the children
were screened at only 2 sites. All the data
were collected within 90 days of arrival in
the United States. Data forms were forwarded
to the RHAP. Medical screening, data collec-
tion, and analysis were conducted pursuant to
US law 45 CFR §400.107. Although not
mandatory, the health assessment is consid-
ered an integral part of refugee resettlement
in Massachusetts.

Anthropometric measurements included
height, weight, and, in children younger than
5 years, head circumference. This analysis fo-
cused on the height and weight measure-
ments. Height was generally measured as rec-
ommended by the Centers for Disease
Control and Prevention: supine for infants
and toddlers younger than 2 years and erect
for older children.12 Indices were calculated
with Epi Info, Version 6.04b (Centers for Dis-
ease Control and Prevention, Atlanta, Ga),
based on National Center for Health Statistics



American Journal of Public Health | November 2001, Vol 91, No. 11 Geltman et al. | Peer Reviewed | Research Articles | 1801

 RESEARCH 

TABLE 1—Demographic Data of Refugee Children Screened in Massachusetts, 1995–1998

Regiona n (%)b % Female Mean Days in US Mean Age, mo ≤1 yc 1–5 yc 6–9 yc 10–17 yc

Africa 276 (15) 50 29 118 7 (3%) 65 (24%) 70 (25%) 134 (49%)

Americas 38 (2) 47 30 118 1 (3%) 7 (18%) 13 (34%) 17 (45%)

East Asia 261 (14) 50 30 132* 3 (1%) 36 (14%) 54 (21%) 168 (64%)

Near East 53 (3) 32 22 90* 4 (8%) 19 (36%) 11 (21%) 19 (36%)

Former Soviet Union 852 (47) 48 33 108* 30 (4%) 240 (28%) 208 (24%) 374 (44%)

Former Yugoslavia 345 (19) 47 23 110 17 (5%) 89 (26%) 82 (24%) 157 (46%)

Overall 1825 (100) 48 30 113 62 (3%) 456 (25%) 438 (24%) 869 (48%)

aEach region had 1 or 2 predominant countries as follows: Africa (89% Somalian), Americas (50% Haitian and 40% Cuban), East Asia (90% Vietnamese), Near East (98% Iraqi and Kurds), former
Soviet Union (41% Ukrainian and 27% Russian), and former Yugoslavia (96% Bosnian).
bPercentages given are those of column total.
cPercentages given are those of row total. May not sum to 100% because percentages were rounded to whole numbers.
*Comparing mean age in months of refugees from the region with that of refugees from all other regions, P < .01.

data and accepted as international stan-
dards.13 Because this was a retrospective anal-
ysis, measurements could not be confirmed;
however, Epi Info excludes outlying data.

Height-for-age, weight-for-height, and
weight-for-age z scores (SDs from the refer-
ence median) were assessed. Acute undernu-
trition, or wasting, was defined as weight-for-
height z score less than −2 and was assessed
for children who met Epi Info’s anthropomet-
ric criteria for the calculation. Chronic under-
nutrition, or stunting, was defined as height-
for-age z score less than −2. For overweight,
weight-for-age z score greater than +2 was
assessed in all children; weight-for-height z
score greater than +2 was assessed in chil-
dren who met Epi Info’s criteria. These crite-
ria for males are age 12 to 138 months and
height from 49 to less than 145 cm. For fe-
males, the criteria are age 12 to 120 months
and height from 49 to less than 137 cm.
Body mass index (BMI) was calculated for all
children aged 10 to 17 years. BMI cutoff val-
ues were used to classify children as either at
risk for overweight (85th–94th percentiles)
or overweight (≥95th percentile).13,14

Screening data relevant to growth and nu-
tritional status were analyzed with bivariate
and multivariate analyses, with growth in-
dices as dependent variables. These data in-
cluded results of microscopy of a single stool
specimen for ova and parasites, visual inspec-
tion of dentition for abnormalities, complete
blood counts, and purified protein derivative
(PPD) for tuberculosis skin testing. PPD re-
sults were defined as positive with 10 mm or

more of induration, in the absence of other
high-risk criteria.15 Anemia was assessed in
only a subset of the children because hemo-
globin values were added to the database
only starting in June 1996. Subsequent to
June 1, 1996, hematologic data were avail-
able for 91% of the children who were
screened. Anemia was defined as having a
hemoglobin value less than the age- and sex-
specific fifth percentile cutoff values from the
Third National Health and Nutrition Exami-
nation Survey.16 Although evidence exists to
support lower cutoff values for African
Americans,16 no such baseline data are avail-
able for native Africans, mainly Somalians in
the case of refugees.

Analyses included t and χ2 tests and multi-
variate logistic regression analyses. Because of
small numbers from some countries, countries
were grouped into regions for comparative
analyses: Africa, Americas, Near East, East
Asia, former Yugoslavia, and former Soviet
Union. Bivariate analyses were conducted to
assess associations between growth indices
and the following variables: sex, age, anemia,
pathogenic intestinal parasites, dental abnor-
malities, PPD, and region of origin. In multi-
variate analyses, region of origin was dichoto-
mized as either “former socialist economy”
(former Yugoslavia and former Soviet Union)
or “developing economy” (all others) to reflect
the differing growth trends observed in bi-
variate analyses. We examined the relations
between the dependent variables and the in-
dependent variables, including age in years,
sex, anemia, dental abnormalities, pathogenic

parasites, and region. Age in years was
treated as a continuous variable; all others
were dichotomous.

RESULTS

Demographics
Between July 1, 1995, and June 30, 1998,

1825 refugee children (48% female) were
screened through the RHAP. These children
originated in 19 countries in addition to 15
newly independent states formerly part of the
Soviet Union. Sex distribution did not vary
significantly by country or region of origin ex-
cept for the Near East. Iraqi, Kurdish, and
Iranian children were 2.0 times more likely
(95% confidence interval [CI]=1.1, 3.7) to be
male compared with all other refugee chil-
dren, and only 32% were female. On aver-
age, refugee children had been in the United
States for 30 days at the time of screening
(Table 1).

Approximately 19% of the newly arrived
refugee children during the study period were
not assessed through the RHAP. (The per-
centage of children who were screened dur-
ing the entire study period is lower than the
previously noted 90%, which reflects more
recent success of the RHAP. The lower num-
ber of children screened over the study pe-
riod reflects the program’s transition in late
1995 and early 1996 when the newly orga-
nized RHAP system was being consolidated.)
Nearly two thirds of the children not screened
were from the former Soviet Union and Viet-
nam, similar to the percentages of children
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TABLE 2—Results of Refugee Children Screened for Medical Conditions in Massachusetts,
1995–1998

O & Pa PPD Dental Abnormality

n + (%)b n + (%)b n + (%)b

Region

Africa 232 116 (50) 262 65 (25) 256 185 (72)

Americas 26 13 (50) 31 8 (26) 31 21 (68)

East Asia 234 72 (31) 243 51 (21) 235 163 (69)

Near East 48 14 (29) 53 5 (9) 48 28 (58)

Former Soviet Union 782 78 (10) 809 214 (26) 803 489 (61)

Former Yugoslavia 320 51 (16) 338 97 (29) 328 177 (54)

Age group, y

<1 53 1 (2) 54 7 (13) 51 1 (2)

1–5 407 84 (21) 431 62 (14) 426 150 (35)

6–9 394 95 (24) 427 98 (23) 412 202 (49)

>9 788 164 (21) 825 273 (33) 813 536 (66)

Overall 1642 344 (21) 1737 440 (25) 1702 1063 (62)

Note. O & P = ova and parasites; PPD = purified protein derivative tuberculin skin test.
aMicroscopy for ova and parasites: pathogenic parasites only.
bAbsolute number testing positive, with percentage of those tested who had positive results in each row.

from the former Soviet Union and Vietnam
among all who completed the RHAP. How-
ever, children from the Americas were over-
represented among those who did not com-
plete the assessment (n=50, or 11% of those
not assessed, compared with 2% of those as-
sessed). Southeast Asians also were more
likely than other refugees not to have been
screened (odds ratio [OR]=1.5; 95% CI=
1.2, 2.0).

Health Screening
Pathogenic parasites were detected in 21%

of the 1642 children who submitted a stool
sample. An additional 16% had only non-
pathogenic parasites detected. Refugees from
Africa, the Americas, and East Asia harbored
a range of different parasitic species; often,
multiple parasites were present in an individ-
ual. Refugees from the former Soviet Union
and former Yugoslavia tended to have Giar-
dia lamblia or nonpathogens, such as Blasto-
cystis hominis. A positive PPD reaction was
reported in 25% of the 1737 children tested.
Dental abnormalities, mainly caries, were
found in 62% of 1702 children (Table 2).

Anemia was found in 153 (12%) of 1247
children. Anemia had a high prevalence in
most regions; however, anemia prevalence
varied greatly by region, age, and sex. Of

the 1786 with weight measurements re-
ported, 112 (6%) had weight-for-age z scores
greater than +2, and of the 964 for whom
weight-for-height z scores were calculated, 66
(7%) had scores greater than +2. BMI was
calculated for 855 children aged 10 to 17
years. Thirty-two children (4%) had a BMI
greater than or equal to the 95th percentile,
and 89 (10%) had a BMI at the 85th to 94th
percentile.

Overall, poor growth was evenly distrib-
uted across age and sex groupings. No sex-
specific differences were found in prevalence
rates of height-for-age z scores or weight-for-
height z scores less than −2 in either overall
or regional analyses. Height-for-age z scores
less than −2 were found predominantly
among African (13%), Near Eastern (19%),
and East Asian (30%) children. Weight-for-
height z scores less than −2 were found
mainly among Africans and East Asians (both
8%) (Figures 1 and 2). 

Overweight was assessed by analyzing
weight-for-height z scores greater than +2,
weight-for-age z scores greater than +2, and
BMI greater than the 84th percentile. Over-
all, 6% of the children had high weight-for-
age z scores. Of those with weight-for-height z
scores calculated, 7% had high scores. Over-
weight was concentrated in young children,
with weight-for-age z scores greater than +2
in 7% of the children aged 1 to 9 years. Prev-
alence rates of weight-for-age z scores and
weight-for-height z scores greater than +2
were particularly high among those children
from the former Yugoslavia and former So-
viet Union (8% in each region had weight-for-
height z scores>+2) and the Americas (11%)
(both P<.01 in comparison to US reference).
Overall rates of BMI greater than 84% were
not elevated. Ten percent of children were at
risk for overweight, and 4% were overweight.
However, these findings mask substantial re-
gional variation. Of the children from the for-
mer Yugoslavia and the former Soviet Union,
15% and 14%, respectively, were at risk for
overweight (P=.03 in comparison to US ref-
erence). Conversely, excluding children from
the Americas (of whom 5 of 12 had BMI>
84th percentile), only 8% of the children
from the developing regions were overweight
or at risk for overweight (P<.01 in compari-
son to US reference).

note, 28% of all children younger than 2
years and 21% of all males between ages 12
and 15 years were anemic. Children from the
Americas and Near East had overall preva-
lence rates of 12% and 17%, respectively, but
were of insufficient numbers to permit further
analyses. Among Africans, 31% were anemic,
with 50% of the children younger than 2
years and 45% of the children between 12
and 15 years of age. No age group of Africans
had a prevalence of anemia less than 25%.
Among children from the former Soviet
Union, 10% were anemic, with 27% of the
children younger than 2 years, 12% of the
children between 12 and 15 years, and 11%
of the children 15 years or older. Among chil-
dren from both the former Yugoslavia and
East Asia, the prevalence of anemia was 14%
among children younger than 2 years and
9% and 7%, respectively for each region,
among children aged 2 to 5 years before de-
clining in older age groups to levels close to
those of the United States.

Anthropometrics
Of the 1767 children with height measure-

ments reported, 143 (8%) had height-for-age
z scores less than −2. Of the 964 children for
whom weight-for-height z scores were calcu-
lated, 23 (2%) had scores less than −2. Of
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FIGURE 2—Weight-for-height z score distribution for selected refugee children screened in
Massachusetts, 1995–1998.

FIGURE 1—Height-for-age z score distribution for selected refugee children screened in
Massachusetts, 1995–1998.

Associations Between Anthropometric
Status and Medical Conditions

In bivariate analyses, anemia (OR=6.1;
95% CI=2.1, 17.4) and presence of patho-
genic parasites (OR=2.6; 95% CI=1.1, 6.0)
were associated with weight-for-height z
scores less than −2. Nineteen of the 23 chil-

dren (83%) with low weight-for-height z
scores came from Africa or East Asia. Chil-
dren from developing regions were 12 times
more likely than other refugee children to
have weight-for-height z scores less than −2
(95% CI=3.8, 47.4). A positive PPD result
was associated with lowered likelihood of

having height-for-age z scores less than −2
(OR=0.6; 95% CI=0.3, 0.9), whereas infec-
tion with pathogenic parasites was associated
with increased risk of low height-for-age z
scores (OR=2.4; 95% CI=1.6, 3.4).

In multiple logistic regression analyses, age,
anemia, and region had significant associa-
tions with low weight-for-height z scores.
Each yearly increment in age increased the
likelihood of having low weight-for-height z
scores by 1.3 (95% CI=1.2, 1.5). Anemic
children were 15 times more likely than non-
anemic children to have low weight-for-height
z scores (95% CI=4.1, 49.1). Compared with
children from former socialist regions, chil-
dren from developing regions had 6.3 times
the risk of low weight-for-height z scores
(95% CI=3.0, 14.1).

Height-for-age z scores less than −2 were
assessed in a similar multivariate analysis. In
a regression model with the same indepen-
dent variables, children from developing re-
gions were 10 times more likely than other
children to have height-for-age z scores less
than −2 (95% CI=7.1, 25.5). In subanalyses
of each region, however, neither anemia nor
infection with parasites was associated with
low height-for-age z scores.

Indices suggesting overweight also were
assessed in similar multivariate analyses. No
independent variable had a significant associ-
ation with high weight-for-height z scores. Di-
chotomized BMI values were used as depen-
dent variables in multiple logistic regression
as well. Increasing age increments of 1 year
(OR=0.8; 95% CI=0.7, 0.9), anemia (OR=
0.3; 95% CI=0.0, 0.9), infection with intes-
tinal parasites (OR=0.5; 95% CI=0.2, 0.8),
and origin in a developing region (OR=0.3;
95% CI=0.1, 0.6) were all inversely associ-
ated with BMI greater than the 84th percen-
tile. Reduced risk of BMI at the 85th to 94th
percentiles also was observed for the same 4
independent variables. Dental abnormalities,
in contrast, were positively associated with
being overweight or at risk for overweight
(OR=2.6; 95% CI=1.2, 4.4).

DISCUSSION

Anemia, positive PPD reaction, infection
with pathogenic intestinal parasites, and dental
abnormalities were highly prevalent among
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refugee children resettled in Massachusetts
from 1995 through 1998. These problems
were found among children of all ages and
from most countries of origin. Together with
the dramatic rates of undernutrition, as evi-
denced by the poor growth documented in
this study, our findings support the need for
universal, comprehensive health screening and
treatment of refugee children shortly after ar-
rival in the United States.

Poor growth, particularly low height-for-age
z scores, indicating stunting or chronic malnu-
trition, was found almost exclusively among
refugee children from developing regions.
The prevalence of low weight-for-height z
scores, or wasting, reflecting acute undernutri-
tion, was increased among children from
Africa and East Asia. In contrast, overweight
is a real concern for children arriving from
the former socialist countries of Eastern Eu-
rope and the Americas and was associated
with the presence of dental abnormalities.
Overall, country of origin appeared to be the
most important determinant of nutritional
and growth status.

The prevalence of anemia, 12% overall,
was strikingly elevated in some groups, includ-
ing 28% of all children younger than 2 years
and 21% of the boys aged 12 to 15 years.
Given the potential long-term effect of nutri-
tional disorders such as iron deficiency17,18

and stunting early in life,19 treatment and pre-
vention are of special importance.

The relatively low prevalence of anemia
(6%) among East Asians differs substantially
from the prevalence reported in earlier co-
horts of Vietnamese refugees.7 This may be
because of the changing demographics of
Vietnamese refugees. During the years cov-
ered in this study, Vietnamese refugee visas
were allocated to individuals and families
from a mix of backgrounds within Vietnam
through the Orderly Departure Program.1

These demographics contrast with those of
earlier cohorts of Vietnamese, who came
from refugee camps in other countries
throughout East Asia. In recent years, Viet-
namese children have tended to be older
than other refugee children as well as previ-
ous refugee children from Vietnam. Although
current Vietnamese refugee children may
have been stunted earlier in life, their dietary
intake before resettlement in the United

States may have been iron-rich enough to
prevent or correct anemia but may not have
provided sufficient calories for catch-up linear
growth.

Associations between medical conditions
and growth indices were not consistent. Low
weight-for-height z scores were associated
with anemia, as might be expected in the
acutely undernourished child. The association
of dental caries with overweight may be re-
lated to dietary patterns and bottle use
among the children from the former Yugo-
slavia and former Soviet Union. It has been
our experience that, as has been reported
elsewhere,2 many young children who lived
in Bosnia during the war were weaned to
cow’s milk well before age 1 year and then
relied on milk (frequently from a baby bottle)
and very limited food supplies for nutrition
during the critical period of growth in the first
6 years of life. We have found “baby bottle
caries” to be common among children from
the former Yugoslavia. Therefore, appropriate
dietary practices should be introduced during
health screening and reinforced during med-
ical encounters.

The findings of this study must be inter-
preted with caution. We could not verify ac-
curacy of birth dates. Refugees who cannot
provide a precise birth date during immigra-
tion processing are assigned dates of birth to
meet US requirements that all birth dates be
in “MM/DD/YY” format. January 1 is a typi-
cal assigned date and can create problems in
anthropometric analysis. In this sample, 151
(61%) of the Somalians had a birthdate of
January 1. Even with a correct year, assigned
dates can add months to a child’s age. For ex-
ample, the January 1 date could make a child
appear older than he or she is and thus
smaller for age. Conversely, it is our experi-
ence that some refugee parents understate
their children’s ages, making them appear
younger, but also bigger, than they actually
are. These discrepancies would not affect
weight-for-height z score data because this
measure is age independent.

Growth patterns may vary between racial/
ethnic and national groups and also among
demographic subgroups within national pop-
ulations. In this cohort, significant demo-
graphic variation within nationalities oc-
curred. For example, among children from

the former Soviet Union, those arriving dur-
ing the earlier part of the study were gener-
ally from the region’s major urban centers,
whereas those arriving later included large
numbers of evangelical Christians from
smaller industrial cities. Similarly, although
origin in a developing country is associated
with high risk of poor growth, specific med-
ical conditions identified within this group
may vary greatly, as shown by the varying
rates of anemia.

Our findings, however, were consistent
with those of previous studies of large refu-
gee cohorts that documented poor growth
and nutrition in the United States and
abroad.7,20–23 Also, multiple sites were used
to collect the data, but individuals perform-
ing these assessments and measurements
were relatively consistent over time, particu-
larly at the RHAP’s 2 largest sites, which
screened nearly half of the children.

Clinicians who care for refugees must be
aware that children from developing coun-
tries are at very high risk for growth and nu-
tritional problems with related medical condi-
tions. Prompt screening, adequate medical
follow-up, and assurance of appropriate food
support are essential. Clinicians should be
aware of regional variations in health and nu-
tritional status because they may be the best
predictors of health risks in refugees. Knowl-
edge of socioeconomic and demographic con-
ditions associated with refugee migration is
essential in identifying higher-risk individuals
and populations. For example, refugee chil-
dren from the former socialist countries of
Eastern Europe have higher rates of over-
weight and risk of overweight but also may
have less obvious nutritional abnormalities,
such as micronutrient deficiencies, as sug-
gested by high rates of anemia.

Continuity of medical follow-up is essential
for preventing ongoing problems in growth
and development, physical health, and nutri-
tion. Clinicians providing primary care for
refugees must ensure that ongoing nutritional
and growth screening is performed and that
refugee families receive necessary food sup-
plementation, such as Special Supplemental
Nutrition Program for Women, Infants, and
Children and food stamps. Ultimately, until
refugees become self-sufficient, our society
must ensure that refugees have the resources
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necessary for maintaining a food supply suffi-
cient for repletion, catch-up growth, and
maintenance growth.
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