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Abstract

Background: Birth weight for gestational age is a widely-used proxy for fetal growth. Although
the need for different standards for males and females is generally acknowledged, the physiologic
vs pathologic nature of ethnic differences in fetal growth is hotly debated and remains unresolved.

Methods: We used all stillbirth, live birth, and deterministically linked infant deaths in British
Columbia from 1981 to 2000 to examine fetal growth and perinatal mortality in Chinese (n =
40,092), South Asian (n = 38,670), First Nations, i.e., North American Indian (n = 56,097), and
other (n = 731,109) births. We used a new analytic approach based on total fetuses at risk to
compare the four ethnic groups in perinatal mortality, mean birth weight, and "revealed" (< |0th
percentile) small-for-gestational age (SGA) among live births based on both a single standard and
four ethnic-specific standards.

Results: Despite their lower mean birth weights and higher SGA rates (when based on a single
standard), Chinese and South Asian infants had lower perinatal mortality risks throughout
gestation. The opposite pattern was observed for First Nations births: higher mean birth weights,
lower revealed SGA rates, and higher perinatal mortality risks. When SGA was based on ethnic-
specific standards, however, the pattern was concordant with that observed for perinatal mortality.

Conclusion: The concordance of perinatal mortality and SGA rates when based on ethnic-specific
standards, and their discordance when based on a single standard, strongly suggests that the
observed ethnic differences in fetal growth are physiologic, rather than pathologic, and make a
strong case for ethnic-specific standards.
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Background

Birth weight is the most commonly used measure of size;
it is strongly associated with fetal, neonatal, and postneo-
natal mortality, infant and child morbidity, and long-term
growth and performance [1]. Birth weight for gestational
age is often used as an indirect measure of fetal growth,
although true "growth" depends on serial increases in size
over two or more time points during gestation. In the
absence of valid and precise ultrasound or other noninva-
sive measures to assess true fetal growth in utero, birth
weight for gestational age is used as an overall index of
fetal growth from the time of conception to the moment
of birth [2].

In using birth weight for gestational age for evaluating
fetal growth in individual infants the question arises as to
what is the appropriate standard to use. There is general
agreement that sex-specific fetal growth standards are
appropriate [1]. Female fetuses and newborn infants are
smaller at any given gestational age than their male coun-
terparts. Yet despite their smaller size, females are at lower
risk for mortality and morbidity than males of the same
gestational age.

Some investigators have also argued for ethnic-specific
standards[3-6]. Within-country studies have shown that
Chinese, Japanese, and (especially) South Asian infants
are smaller for their gestational age[3,5-10], whereas
North American Indian and North African infants are
larger[11-16], than Caucasian infants in the same geo-
graphic setting, even after controlling for sociodemo-
graphic differences among the different ethnic groups. It
has not been possible heretofore, however, to distinguish
physiologic (i.e. normal or expected) from pathologic (i.e.
adverse sequalae) effects in explaining these ethnic differ-
ences, even within the same population settings, and the
case for ethnic-specific standards has not been widely
accepted|[1]. The recent development of a new analytic
approach to pregnancy outcome based on fetuses at
risk[17], rather than live births and/or stillbirths at a given
gestational age, has enabled us to provide new insights
into this issue. In this paper, we apply the new approach
to the relatively large population of ethnic Chinese, South
Asians, and First Nations (North American Indians), as
well as Caucasians, in the Canadian province of British
Columbia.

Methods

The data used in this study are based on live birth and
stillbirth registrations and notifications of birth received
at the British Columbia Vital Statistics Agency (BCVSA)
for births from January 1, 1981 to December 31, 2000.
Infant death registration records from the Agency's death
registry were linked and added to the birth records
(including any infant deaths in 2001 that occurred to
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infants born in 2000). Links were deterministically based
on birth registration number, which appears on the death
record for infant deaths. In the case of infant deaths to
former residents of British Columbia, inter-provincial
agreements assured that the death record was available for
linkage. The procedure resulted in a 98.9% linkage rate
based on BCVSA infant death tables for 1981-2000 [18].
The confidentiality of BCVSA records was protected
according to approved practices [18].

By British Columbia law, birth weight is recorded in hos-
pital immediately after birth; <1% of deliveries occur out
of hospital.

Since the early 1980s, ultrasound assessment is routinely
performed in British Columbia early in the second trimes-
ter. The main source of BCVSA gestational age data prior
to 1993 was the notice of birth completed by the attend-
ing physician (containing the gestational age as recorded
by the physician, which is usually based on an early ultra-
sound estimate [19]), rather than the birth registration
completed by the mother, and since 1993 the notice of
birth has been the sole source. Furthermore, birth weights
>4 SD at each week of gestation were identified during
data analysis and corrected by accessing original docu-
ments, which were found for all but 4 cases; the latter were
excluded from further analysis.

Analyses were restricted to singleton live births and still-
births between 22 and 44 completed weeks of gestation
with birth weights less than 7000 grams. Records where
the weight, gestational age, or other study variables had
missing or unknown values were excluded from the
analysis.

For the purposes of this study, all births were allocated to
one of four ethnic groups. Births were designated as Chi-
nese if both the mother and father were born in the Peo-
ple's Republic of China, Hong Kong, Taiwan, Vietnam, or
Singapore. Births were classified as South Asian if the
mother and father were both born in Bangladesh, British
India Ocean Territories, Sri Lanka, India, Nepal, or Paki-
stan. These locations were chosen in consultation with
immigrant and cultural support organisations in British
Columbia. Immigrants from these locations are consid-
ered to share Chinese or South Asian habits, culture,
natality customs, and (most importantly) genetic
heritage.

In recognition of current preferences, we use the term
"First Nations" to refer to the third ethnic category. Status
Indians are identified by means of a flag in the data set;
their status is officially registered with the federal govern-
ment and comprise the major part of the broad group of
First Nations people in British Columbia, which also
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includes non-Status Indians, Inuit ("Eskimo"), and Metis.
The major source for the data flag was the BCVSA statisti-
cal database of information extracted from the registration
of births. Additional sources were the Indian Status
Verification File provided by Health Canada's First
Nations and Inuit Health Branch (which originates from
the Department of Indian Affairs and Northern Develop-
ment) and the Status Indian Entitlement files from the
British Columbia Medical Services Plan. Using an exten-
sive computer matching process, a birth was considered to
be Status Indian if the mother was identified as a Status
Indian in any of the three sources [20]. The term First
Nations can be considered synonymous with "North
American Indian" for most intents and purposes.

Births not included in any of the 3 ethnic groups specified
above were allocated to the "Other" category and thus
comprise Caucasian (primarily), mixed (mother-father),
non-immigrant Chinese and South Asian, and Black eth-
nicities. Blacks are present in very small numbers in Brit-
ish Columbia and are not identified on the birth record.

The data file contained 865,968 records of singleton
births including 4,456 stillbirths and 4,808 infant deaths
at 22-44 weeks of gestation to residents of British Colum-
bia. Chinese births totalled 40,092, South Asian births
38,670, and First Nations births 56,097, with the remain-
ing 731,109 births in the "Other" group.

Gestational age-specific perinatal mortality was calculated
as the number of perinatal deaths [stillbirths plus early
neonatal (<7 days) deaths] at each completed week of ges-
tational age, divided by the number of fetuses at risk at
each gestation [17]. For example, perinatal mortality at 22
weeks gestation was calculated by dividing the number of
perinatal deaths at 22 weeks by the number of live births
plus stillbirths at 22 or more completed weeks of gesta-
tion, i.e., fetuses who delivered at 23, 24, 25, or more
weeks of gestation were also at risk of live birth or still-
birth at 22 weeks.

Gestational age-specific patterns of fetal growth restriction
were estimated using an indirect method based on the
fetuses-at-risk approach. The number of "revealed" (see
below) small-for-gestational-age (SGA) live births was
determined for each group based on a birth weight < 10th
percentile for gestational age according to two different
standards: (1) the current British Columbia live birth
standard [18] and (2) an ethnic-specific live birth stand-
ard produced for each of the four ethnic groups under
study by using the birth weight-for-gestational-age distri-
butions specific to each group. "Revealed" SGA rates were
then calculated by dividing the number of gestational age-
specific SGA live births by the number of fetuses at risk at
that gestation.
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Because of the low absolute number of events (perinatal
deaths, revealed SGA births) at early gestational ages for
the Chinese, South Asian, and First Nations groups, we
analyzed rates for these events as 2-week prospective risks.
In other words, the rates were calculated as the number of
events occurring during a given 2-week gestational period
divided by the number of fetuses alive (and thus at risk for
these events) at the beginning of that period. Neonatal
deaths and stillbirths were analysed using the same
method as perinatal deaths, with similar results (available
on request).

We have previously shown that risks based on the number
of fetuses at risk, rather than the number of total births,
provides greater coherence between birth rates (and thus
risks of early preterm birth), fetal growth restriction, and
perinatal mortality [17,21-23]. One important conse-
quence of using fetuses at risk rather than live births or
total births as the denominator for calculating rates of ges-
tational age-specific pregnancy outcomes is that perinatal
mortality rates (and stillbirth and early neonatal mortality
rates as well) rise with advancing gestational age. This may
at first seem counter-intuitive, but conventional "rates"
are actually ratios of deaths to live births or total births at
a given gestational age. They are not true proportions,
because the denominator does not include all subjects
(unborn fetuses) at risk for the events denoted by the
numerator; all living fetuses are at risk for stillbirth, live
birth, and early neonatal death in the succeeding week.
Neonatalogists are (appropriately) concerned with mor-
tality among live-born births at a given gestational age,
but neither the pregnant woman carrying a live fetus at a
given gestational age nor her obstetrician, family physi-
cian, or midwife has any way of knowing whether or not
her fetus will be born in the next week. From the woman's
and her unborn fetus's perspective, the risk of stillbirth or
live birth and early neonatal mortality in the succeeding
week does indeed increase with advancing gestation,
because the likelihood of birth (either a live birth or a still-
birth) rises as gestation advances [21].

Because SGA cannot be determined among unborn
fetuses (i.e., those remaining in utero), and because the
weight of stillbirths may underestimate the fetal weight at
the (earlier) time of fetal death, we have developed a
proxy measure, "revealed SGA," that provides a tip-of-the-
iceberg indication of fetal growth restriction. The revealed
SGA rate is the number of live-born SGA infants at a given
gestational age divided by the number of fetuses at risk
[17,21-23], where SGA is defined as a birth weight below
the 10t percentile birth at the given gestational age for
this data set (i.e., an internal standard). Since the revealed
SGA rate depends on both the birth rate and the SGA rate
among live births, it is far below 10%, except in the last
gestational age category (42+ weeks) when all remaining
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Figure |
Perinatal mortality per 1000 fetuses at risk in four ethnic
groups.

fetuses are born. It thus relates the number of live-born
SGA infants to the number of fetuses at a given gestational
age who were at risk for both SGA and birth during the
subsequent week.

We used two different internal standards to define
revealed SGA: (1) a single standard comprising all three
study groups, and (2) a group-specific standard for each of
the ethnic groups. We then graphically compared the pat-
terns of gestational age-specific rates of live birth, revealed
SGA, and perinatal death among the three study groups
and compared the coherence of the patterns using the sin-
gle vs group-specific SGA standards.

All statistical analyses were carried out using SAS-PC ver-
sion 8.2. Specialized graphic output was produced using
Microsoft Excel software Version 2002. Smoothing of the
charts was accomplished using a 34 order polynomial cal-
culated as the least squares fit through data points accord-
ing to the following equation: y = b + ¢;x + ;x2 + ;%3
where b and c are constants. Missing birth weight and ges-
tational age values comprised <0.25% of total births in
each group and were proportionally distributed across
gestational age. Chinese and South Asians had the lowest
percent missing, while First Nations was only slightly
higher than Others. BCVSA makes a particular effort to
include birth weight and gestational age values on all
records. If either measure is not recorded on the notice of
birth, the source is contacted before the record is proc-
essed.

Results

The LBW rate (for total births) was 4.2% among Chinese,
6.3% among South Asian, 5.6% among First Nations, and
4.4% among Other births. The preterm birth (<37
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Figure 2
Mean birth weight for gestational age in four ethnic groups.

completed weeks) rate was 5.3% among Chinese, 6.8%
among South Asian, 9.3% among First Nations, and 5.6%
among Other births. Table 1 shows the number of princi-
pal study outcome events and fetuses at risk for each eth-
nic group at 22 to 42+ completed weeks of gestation. The
low numbers of outcome events for Chinese, South Asian,
and First Nations births are apparent, supporting the need
for analysis by 2-week prospective intervals. As shown in
Figure 1, the First Nations group showed the highest peri-
natal mortality rates at all gestational ages (except at 42+
weeks), whereas the Chinese and South Asian groups con-
sistently showed the lowest rates.

In contrast to the perinatal mortality curves, mean birth
weights were consistently highest in First Nations births,
whereas those for Chinese and South Asian births progres-
sively lagged behind those of Other births after 35-36
weeks (Figure 2). These differences in trajectories of mean
birth weight for gestational age culminated in differences
of almost 200 grams at 42+ weeks.

As shown in Figure 3, revealed SGA rates based on the sin-
gle British Columbia standard were consistently highest
for South Asian births at all gestational ages. Revealed
SGA rates among the Chinese rose relative to those for
First Nations and Others after 36 weeks and became com-
parable to those of South Asians at and after term. First
Nations rates remained similar to those of Other births at
most gestations.

Revealed SGA rates based on ethnic-specific fetal growth
standards (Figure 4), however, showed a very different
pattern, one that was far more consistent with the perina-
tal mortality differences shown in Figure 1. Differences
among ethnic groups near and after term were much
smaller than those based on the single British Columbia
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Revealed SGA rate per 1000 fetuses at risk in four ethnic
groups, based on a single standard.
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Revealed SGA rate per 1000 fetuses at risk in four ethnic
groups, based on 4 ethnic-specific standards.

standard. Rates for First Nations births were highest
before term. Revealed SGA rates among South Asian
births were slightly higher than those of the Other group
throughout most of gestation. Chinese births showed rel-
atively low rates prior to 36 weeks, after which they pro-
gressively rose to reach or exceed those of the three other
ethnic groups.

Table 2 shows that perinatal mortality rates among Chi-
nese were substantially lower than perinatal mortality
rates among Others at 35 and 40 weeks gestation and not
significantly different at 41 weeks. This pattern of mortal-
ity was not congruent with patterns of small-for-gesta-
tional age as defined using a single standard. Revealed
SGA rates were lower than those among the Others at 35
weeks but substantially and significantly higher at 40 and
41 weeks gestation (rate ratio 1.84 and 2.05 at 40 and 41
weeks, respectively). Revealed SGA pattern based on eth-
nic-specific standards were more congruent with patterns
of gestational age-specific perinatal mortality, with rates
being significantly lower at 35 weeks gestation and only
slightly higher at 40 and 41 weeks gestation (rate ratio
1.13 and 1.12 at 40 and 41 weeks, respectively). Among
South Asians, perinatal mortality rate were similar to
those among Others. However, patterns of revealed SGA
were very different from patterns of perinatal mortality
when SGA was defined using a single standard (rate ratio
2.09 and 2.15 at 40 and 41 weeks, respectively). Revealed
SGA patterns based on an ethnic-specific definition of
SGA resulted in revealed SGA rates more congruent with
patterns of perinatal mortality (Table 2). Rates of perina-
tal mortality and revealed SGA among First Nations
subjects were also incongruent when SGA was defined

using a single standard and more consistent when SGA
was defined using an ethnic-specific standard. Whereas
perinatal mortality rates were higher among First Nations
compared with others, revealed SGA rates based on a sin-
gle standard were the same or lower. When an ethnic
based standard was used to define SGA, however, revealed
SGA rates were higher among First Nations than among
Others (rate ratio 1.39, 1.19 and 1.05 at 35, 40 and 41
weeks, respectively).

These data spanned a 20-year period and temporal trends
in immigration and mortality might conceivably bias
overall outcomes. To address this possibility, we re-ana-
lysed the birth and perinatal mortality data within 5-year
periods from 1981 to 2000. A slight increase was observed
in the proportion of births to First Nations and a slight
decrease in the proportion born to the Other group, but
perinatal mortality rates declined for both groups over the
20-year period. The proportion of Chinese and South
Asian births increased substantially in the 1990s, while
perinatal mortality rates rose slightly, although fluctua-
tions due to low numbers resulted in some instability in
the trends. A general convergence of mortality rates
occurred, although the groups generally maintained their
relative positions.

Discussion

We found lower mean birth weights and higher rates of
revealed SGA among ethnic Chinese and South Asian
births compared with other ethnic groups when the clas-
sification of SGA was based on a single British Columbia
standard of birth weight for gestational age. First Nations
births, on the other hand, had higher mean birth weights,
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Table I: Gestational Age-Specific Outcomes for Four Study Groups
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Chinese

South Asian

First Nations

Other

SB LB END SGA, SGA, FAR SB LB END SGA, SGA, FAR SB LB END SGA, SGA, FAR SB LB END SGA, SGA, FAR

22 13 6 6 | 0 40092 12 12 il 2 | 38670 35 24 23 0 2 56097 357 193 180 17 17 731109
23 8 6 4 0 | 40073 13 9 6 0 | 38646 27 26 19 2 2 56038 257 260 222 21 21 730559
24 8 il 5 2 | 40059 | 19 9 | | 38624 18 28 16 | 2 55985 237 356 191 29 23 730042
25 6 16 6 0 2 40040 7 19 6 | | 38604 I 39 I 5 4 55939 130 334 18 21 21 729449
26 2 14 4 2 | 40018 3 33 4 5 4 38578 1l 55 22 5 4 55889 142 487 100 39 39 728985
27 4 19 2 2 2 40002 3 33 7 9 3 38542 13 74 10 3 6 55823 102 478 63 44 44 728356
28 4 22 2 2 2 39979 2 40 5 5 4 38506 14 98 10 5 9 55736 153 667 79 63 63 727776
29 4 35 0 3 4 39953 7 43 | 5 4 38464 7 98 6 3 8 55624 95 656 43 69 63 726956
30 3 44 | 2 | 39914 4 72 3 8 7 38414 13 140 8 6 [l 55519 141 910 37 93 89 726205
31 2 57 | 4 4 39867 2 61 0 10 7 38338 7 147 7 9 14 55366 90 1033 51 99 97 725154
32 3 89 5 9 9 39808 6 110 3 20 1l 38275 17 277 1 12 26 55212 169 1905 66 168 168 724031
33 5 129 2 13 I 39716 7 140 5 25 14 38159 17 332 3 16 28 54918 128 2367 56 190 204 721957
34 | 223 | [l 12 39582 5 288 | 32 24 38012 10 588 4 27 50 54569 154 4423 51 375 360 719462
35 2 353 0 19 24 39358 4 410 3 50 31 37719 10 781 8 40 60 53971 131 7003 54 572 572 714885
36 5 1,005 3 79 86 39,003 9 1,210 2 131 93 37,305 25 2205 6 [} 187 53180 215 16468 92 1379 1304 707751
37 7 2,378 3 173 205 37,993 9 2,168 2 255 175 36,086 25 3566 2 213 326 50950 189 31293 90 2665 2558 691068
38 5 7,642 2 749 699 35,608 7 6,180 6 820 566 33,909 22 8669 6 556 795 47359 276 87154 13 7661 7661 659586
39 5 10,626 | 1351 1040 27,961 17 9,480 5 1444 891 27,722 18 10818 8 756 1034 38668 232 139163 103 12752 13250 572156
40 7 12,278 | 1847 1196 17,330 14 12,543 2 2211 1232 18,225 42 20544 20 1529 2016 27832 379 267794 197 25113 26383 432761
41 3 4,177 2 698 407 5,045 7 4,589 | 823 452 5,668 14 5611 6 421 546 7246 183 119539 78 11110 11822 164588
42+ 0 865 3 147 85 865 2 1,070 2 232 103 1,072 6 1615 0 163 176 1621 96 44770 57 4200 4315 44866
Sum 97 39995 54 5114 3792 141 38529 84 6089 3625 362 55735 206 3883 5306 3856 727253 2041 66680 69074

SB = stillbirth; LB = live births; END = early neonatal death; SGA, = small-for-gestational age based on single standard; SGA, = small-for-gestational age based on 4 ethnic-specific standards;

Dot souree Brah Columbia Vi Statistcs Agency

and slightly lower revealed SGA rates near and after term,
compared with other ethnic groups. These results are sim-
ilar to those reported by previous investigators[3,5-10,13-
15] and thus in themselves are not surprising. What is new
is our finding that Chinese and South Asian fetuses are at
lower risk of perinatal death throughout gestation despite
their smaller size. Conversely, First Nations fetuses are at
uniformly higher perinatal death risk despite their larger
size. In other words, fetal growth and perinatal mortality
show discordant results among the four ethnic groups
under study, at least when fetal growth is classified using
a single standard of birth weight for gestational age.

When ethnic-specific standards are used to define SGA,
however, revealed SGA rates and perinatal mortality rates
become far more concordant. To the extent that SGA prev-
alence among live-born infants reflects an adverse intrau-
terine environment [21], it should indeed be reflected by
rates of perinatal death. We have reported precisely such a
pattern in comparisons of births to primiparous vs mul-
tiparous mothers, smokers vs nonsmokers, twins vs sin-
gletons, and U.S. Blacks vs Whites [17,22]. The ethnic-
specific standards for SGA yield revealed SGA rates that are
concordant with the corresponding perinatal mortality
rates (except for a slightly higher rate in South Asians than
in the Other group), whereas the single standard results in
discordance between the rates. In our view, this evidence
justifies the consideration of ethnic-specific standards of
birth weight for gestational age, at least for Chinese, South
Asian, and North American Indian ethnicities. The lower
perinatal mortality rates in Chinese and South Asian preg-
nancies despite their smaller size parallels the well-

recognized pattern in female vs male fetuses, for whom
sex-specific standards of birth weight for gestational age
have been advocated for some time[1,22]. We have previ-
ously shown, however, that the fetuses-at-risk approach
does not support the use of separate standards in U.S.
Blacks vs Whites[23].

Our finding that gestational age-specific patterns of
revealed SGA cohere better with gestational age-specfic
perinatal mortality when ethnic-specific standards were
used suggests that ethnic-specific birth weight for gesta-
tional age represent a physiologic (i.e. normal or
expected) rather than a pathologic process. If differences
in fetal growth (as reflected by GA-specific mean birth
weights and revealed SGA rates) were truly pathologic,
rather than physiologic, we would expect patterns that
were more coherent with those observed for perinatal
mortality when the definition of SGA was based on a sin-
gle population standard, rather than ethnic-specific stand-
ards.

The fact that Chinese and South Asian births in British
Columbia occur in immigrants (by definition--see Meth-
ods) raises the question of a "healthy migrant" bias and
the generalizability of our findings to ethnic Chinese and
South Asian births in China, South Asia, and elsewhere.
Although it is possible that Chinese and South Asian par-
ents who succeeded in immigrating to Canada are better
educated and more socio-economically advantaged than
those who remained in their countries of origin or those
in the indigenous (non-immigrant) British Columbia
population, the neighbourhood income distributions of

Page 6 of 9

(page number not for citation purposes)



BMC Pregnancy and Childbirth 2008, 8:1

the immigrant parents in our sample were lower than the
income distribution in the province overall [18]. All else
being equal, therefore, one should expect a higher gesta-
tional age-specific perinatal mortality risk relative to the
British Columbia majority (Other) ethnic group. We
found the opposite, however. Moreover, the lower mean
birth weights and higher revealed SGA rates (when based
on a single standard) among Chinese and South Asian
births are consistent in direction, if not in magnitude,
with those published from other settings[3,5-10]. The fact
that our study is population-based, rather than hospital-
based, makes selection bias within the British Columbian
population of births over a 20-year period a highly
unlikely explanation for our findings. We are unaware of
any selection factors that would simultaneously lead to
smaller fetuses/infants and lower perinatal mortality.

Our mortality rates in the South Asian group were lower
than those in the Other group which contradicts the find-
ings in some European studies [24,25]. However, popula-
tion-based studies [26,27] in the United States have
reported lower neonatal and postneonatal mortality rates
among newborns of "Asian-Indian" immigrant mothers
compared to indigenous white mothers. The difference
between the two continents could be due to varying
demographic, socioeconomic, and/or environmental

http://www.biomedcentral.com/1471-2393/8/1

characteristics of the underlying immigrant source popu-
lations. Those characteristics are not available in other
reports but our South Asian mothers have slightly lower
socioeconomic status compared to Other mothers (see
above), are mostly from the Punjab area of India (Sikhs),
and almost wholly non-smoking urban dwellers with
Canada's universal access to medical care.

We have previously argued for separate analysis of still-
births and early neonatal deaths and against their combi-
nation as "perinatal deaths" when gestational age-specific
perinatal mortality risk is based on using total births (still-
births plus live births) as the denominator for calculating
the risk [23]. Using total births as the denominator is
incorrect whenever the numerator (number of outcome
events) includes stillbirths, since fetuses who remained in
utero during the risk period (e.g., a given week of gesta-
tion) are at risk of stillbirth during the period but are not
counted in the denominator at risk. With fetuses at risk in
the denominator, however, the combination of stillbirths
and early neonatal deaths as perinatal deaths is no longer
problematic. Indeed, we have carried out separate analy-
ses of stillbirths and neonatal deaths based on the fetuses-
at-risk approach, and the results (available on request) are
entirely consistent with those presented here for perinatal
deaths.

Table 2: Rates of perinatal mortality and revealed small-for-gestational-age at 35 weeks, 40 weeks and 41 weeks by ethnicity

Ethnic Perinatal mortality Revealed SGA rate (single standard) Revealed SGA rate (ethnic-specific std.)
group
(gestational
age)
Rate Rate ratio 95% ClI Rate Rate ratio 95% ClI Rate Rate ratio 95% ClI
35 weeks
Chinese 0.05 0.20 0.05-0.79 0.5 0.60 0.38-0.95 0.6 0.76 0.51-1.15
South 0.19 0.72 0.34-1.53 1.3 1.66 1.24-2.21 0.8 1.03 0.72-1.47
Asian
First 0.33 1.29 0.79-2.09 0.7 0.93 0.67-1.28 1.1 1.39 1.07-1.81
Nations
Other 0.26 1.00 - 0.8 1.00 - 0.8 1.00 -
40 weeks
Chinese 0.46 0.35 0.17-0.70 106.6 1.84 1.76-1.92 69.0 1.13 1.07-1.20
South 0.88 0.66 0.40-1.08 121.3 2.09 2.01-2.18 67.6 I.11 1.05-1.17
Asian
First 2.23 1.67 1.29-2.17 54.9 0.95 0.90-1.00 724 1.19 1.14-1.24
Nations
Other 1.33 1.00 - 58.0 1.00 - 61.0 1.00 -
41 weeks
Chinese 0.99 0.62 0.26-1.51 138.4 2.05 1.91-2.20 80.7 1.12 1.02-1.23
South 1.41 0.89 0.44-1.80 145.2 2.15 2.01-2.30 79.7 I.11 1.01-1.21
Asian
First 2.76 1.74 1.11-2.74 58.1 0.86 0.78-0.95 754 1.05 0.99-1.14
Nations
Other 1.59 1.00 - 67.5 1.00 - 71.8 1.00 -
Data source: British Columbia Vital Statistics Agency
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While factors other than ethnicity (including altitude,
maternal size, parity, smoking, parental social position)
can affect fetal growth and could confound the ethnic dif-
ferences we observed; numerous previous studies|3,5-
10,13-15] have reported comparable ethnic differences to
those observed in this study. As such they can probably be
considered analogous to sex-specific differences.

The practical application of ethnic-specific standards
require further "on-site" examination, but our results pro-
vide a useful analytic comparison tool for future research
and should be considered when making clinical judge-
ments about fetal surveillance, induction of labour, and
postnatal nutrition.

As in all studies based on birth and death registrations,
errors can occur in the estimation of gestational age, the
recording or computer entry of birth weight or registra-
tion, and the linkage of live births and infant deaths. The
deterministic linkage method used in British Columbia
should minimize the latter type of error, and detailed
analysis of the quality of the birth weight and gestational
age data from this file have been reported [18]. Nonethe-
less, a few errors at very preterm gestations can have rela-
tively large impacts on birth weight for gestational age and
survival at those gestations. Moreover, small numbers of
events (perinatal deaths and SGA live births) at very pre-
term gestations lead to statistical instability (bumps,
peaks, and valleys) in trends for those events in the
smaller ethnic groups (Chinese, South Asians, and First
Nations) under study. Despite these limitations, we
believe our results support the case for ethnic-specific
standards for defining SGA.

Conclusion

The concordance of perinatal mortality and SGA rates
when based on ethnic-specific standards, and their dis-
cordance when based on a single standard, strongly sug-
gests that the observed ethnic differences in fetal growth
are physiologic, rather than pathologic, and make a strong
case for ethnic-specific standards.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors’ contributions

WJK conceived the study, designed and performed all
analyses (except Table 2), and drafted the manuscript. KSJ
conceived the "fetuses at risk" analysis and carried out the
analysis for Table 2. MSK directed the methods and anal-
yses and drafted the manuscript. All authors participated
in the study plan, reviewed all analyses, and edited the
manuscript.

http://www.biomedcentral.com/1471-2393/8/1

Acknowledgements

The authors wish to thank R. J. Danderfer, formerly Executive Director of
BCVSA under whose auspices the data was provided and the study was
conducted. Appreciation is also extended to A.K. McBride, current Chief
Executive Officer of BCVSA, and personnel at BCVSA for their review of
this paper.

References

I. World Health Organization: Physical status: The use and inter-
pretation of anthropometry. Geneva: WHO Technical Report
Series; 1995:854.

2. Kramer M: Determinants of low birth weight: methodological
assessment and meta-analysis. Bull WHO 1987, 65:663-737.

3. Davies DP, Senior N, Cole G, Blass D, Simpson K: Size at birth of
Asian and white Caucasian babies born in Leicester: implica-
tions for obstetric and paediatric practices. Early Hum Dev
1982, 6:257-263.

4, Henry OA, Guaran RL, Petterson CD, Walstab JE: Obstetric and
birthweight differences between Vietnam-born and Austral-
ian-born women. Med | Aust 1992, 156:321-324.

5. Wang X, Guyer B, Paige DM: Differences in gestational age-spe-
cific birthweight among Chinese, Japanese and White Amer-
icans. Int | Epidemiol 1994, 23:119-128.

6. Baolin Z, Ray Y, Feiqiu W, Baogiong W: Comparison of birth
weight by gestational age between China and the United
States. Chinese Med | 1997, 110:148-151.

7. Grundy MFB, Hood ], Newman GB: Birth weight standards in a
community of mixed racial origin. Br | Obstet Gynaecol 1978,
85:481-486.

8.  Dawson |, Golder RY, Jonas EG: Birthweight by gestational age
and its effect on perinatal mortality in white and in Punjabi
births: experience at a district general hospital in West Lon-
don 1967-1975. BrJ Obstet Gynaecol 1982, 89:896-899.

9. Hughes K, Tan NR, Lun KC: Low birthweight of live singletons
in Singapore, 1967-1974. Int | Epidemiol 1984, 13:465-471.

10. Singh GK, Yu SM: Birthweight differentials among Asian Amer-
icans. Am | Public Health 1994, 84:1444-1449.

1. Palti H, Adler B: Body size of Israeli newborn infants in relation
to regional origin of their mothers. Hum Biol 1977, 49:41-50.

12. Yudkin P, Harlap S, Baras M: High birthweight in an ethnic group
of low socioeconomic status. Br | Obstet Gynaecol 1983,
90:291-296.

13. Munroe M, Shah CP, Badgley R, Bain HW: Birth weight, length,
head circumference and bilirubin level in Indian newborns in
the Sioux Lookout Zone, northwestern Ontario. Can Med
Assoc | 1984, 131:453-456.

14. Thomson M: Heavy birthweight in Native Indians of British
Columbia. Can Med Assoc | 1990, 81(6):443-446.

15.  Armstrong IE, Robinson EJ, Gray-Donald K: Prevalence of low and
high birthweight among the James Bay Cree of Northern
Quebec. Can | Pub Health 1998, 89(6):419-420.

16. Buekens P, Masuy-Stroobant G, Delvaux T: High birthweights
among infants of North African immigrants in Belgium. Am
J Public Health 1998, 88:808-81 I.

17.  Joseph KS, Liu S, Demissie K, Wen SW, Platt RW, Ananth CV, Dzak-
pasu S, Sauve R, Allen AC, Kramer MS, for the Fetal and Infant Health
Study Group of the Canadian Perinatal Surveillance System: A parsi-
monious explanation for intersecting perinatal mortality
curves: understanding the effect of plurality and of parity.
BMC Pregnancy and Childbirth 2003, 3(1):3.

18. Kierans W], Kramer MS, Wilkins R, Liston R, Foster L, Uh S-H:
Charting Birth Outcome in British Columbia: Determinants
of Optimal Health and Ultimate Risk — An Expansion and
Update. 2003 [http://www.vs.gov.bc.ca/stats/features/index.html].
Victoria, B.C.: British Columbia Vital Statistics Agency

19.  Kramer M, Mc Lean F, Boyd M, Usher RH: The validity of gesta-
tional age estimation by menstrual dating in term, preterm,
postterm gestations. | of Amer Med Assoc 3308, 260:3306-1988.

20. British Columbia Vital Statistics Agency: Regional Analysis of Sta-
tus Indians in British Columbia 1991-1999: Birth Related and
Mortality Summaries, British Columbia and Health Regions.
2001 [http://www.vs.gov.bc.ca/stats/indian/index.html]. Victoria, B.C.:
British Columbia Vital Statistics Agency

Page 8 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3322602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3322602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7128508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7128508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7128508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1588863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1588863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1588863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8194906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8194906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8194906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=678480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=678480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7171495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7171495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7171495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6519886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6519886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8092369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8092369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=844840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=844840
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6838787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6838787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6467118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6467118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6467118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2282606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2282606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9926504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9926504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9926504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9585752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9585752
http://www.vs.gov.bc.ca/stats/features/index.html
http://www.vs.gov.bc.ca/stats/indian/index.html

BMC Pregnancy and Childbirth 2008, 8:1

21. Joseph KS: Incidence measures of birth, growth restriction,
and death can free perinatal epidemiology from erroneous
concepts of risk. | Clin Epidemiol 2004, 57:889-97.

22. Joseph KS, Wilkins R, Dodds L, Allen VM, Ohlsson A, Marcoux S, Lis-
ton R: Gestational age-specific fetal growth restriction and
perinatal mortality among males and females and among
Whites and Blacks. BMC Pregnancy and Childbirth 2005, 5(1):3.

23. Joseph KS, Demissie K, Platt RW, Ananth CV, McCarthy BJ, Kramer
MS, the Fetal and Infant Health Study Group of the Canadian Perinatal
Surveillance System: A parsimonious explanation for intersect-
ing perinatal mortality curves: understanding the effects of
race and of maternal smoking. BMC Pregnancy and Childbirth
2004, 4(1):7.

24. Vangen S, Stoltenberg C, Skjaerven R, Magnus B, Harris ], Stray-Ped-
ersen B: The heaver the better? Birthweight and perinatal
mortality in different ethnic groups. Int | Epidemiol 2002,
31:654-660.

25. Collingwood B: Investigating variations in infant mortality in
England and Wales by mother's country of birth. Paediatr Peri-
nat Epidemiol 2006, 20(2):127-139.

26. Mathews TJ, Menacker F, MacDorman MF: Infant mortality statis-
tics from the 2001 period linked birth/infant death data set.
Natl Vital Stat Rep 2003, 52(2):1-29.

27. Mathews TJ, Menacker F, MacDorman MF: Infant mortality statis-
tics from the 2002 period linked birth/infant death data set.
Natl Vital Stat Rep 2004, 53(10):1-29.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2393/8/1/prepub

http://www.biomedcentral.com/1471-2393/8/1

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15504632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12055170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12055170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16466431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16466431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14518553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14518553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15622996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15622996
http://www.biomedcentral.com/1471-2393/8/1/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

