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Study objective: The male sex ratio at birth (or the proportion of male births in a population) has been
suggested as a sentinel environmental health indicator. Usually around 51%, the proportion may be
dramatically decreased in offspring of persons with chemical exposures. Recent publications from the USA
and elsewhere have noted a small but apparently declining male birth proportion, suggesting the effect of
some environmental exposures. This paper sought to examine these trends more closely in California’s
large and diverse population.
Design: Using computerised birth certificate data, time trends were examined by multivariate linear and
spline regression, controlling for demographic factors.
Setting: California.
Participants: About 15 million births from 1960 to 1996.
Main results: In the raw data, the male birth proportion is indeed declining. However, during this period,
there were also shifts in demographics that influence the sex ratio. Controlling for birth order, parents’
age, and race/ethnicity, different trends emerged. White births (which account for over 80%) continued to
show a statistically significant decline, while other racial groups showed non-statistically significant
declines (Japanese, Native American, other), little or no change (black), or an increase (Chinese). Finally,
when the white births were dividied into Hispanic and non-Hispanic (possible since 1982), it was found
that both white subgroups suggest an increase in male births.
Conclusion: This analysis shows that the decline in male births in California is largely attributable to
changes in demographics.

T
he sex ratio of births (the relative number of male and
female births) has been suggested as a sentinel indicator
of environmental exposures,1 that is, an event whose

occurrence can serve as a signal that an adverse environ-
mental exposure has occurred.2 The sex ratio as we use it in
this report, the proportion of births that are male, is usually
cited as around 0.515 (106 males births to every 100 female),
but has been reported to range internationally from 0.503 to
0.517.3

The appeal of the sex ratio as a sentinel environmental
indicator lies in the fact that (1) it is a comparatively easy
statistic to gather in populations, and (2) it is reportedly
changed, sometimes dramatically so, in births from people
with a variety of toxic exposures and occupations.4–9 Usually,
exposures seem to reduce the proportion of male births, but
some investigators have reported the opposite or no effect.10 11

Complicating the issue, several demographic factors are
also well known to be associated with the birth sex ratio in
the absence of any environmental exposures. Among these
are race,12 13 birth order,14 and parent’s ages.14 15

Reports from the USA, Canada, several European coun-
tries, and Japan1 16 have shown declines in male births, while
other countries have shown increases.17–20 Long term trends
in some countries show various shifts.21 22 Theories put forth
to account for the long term trends (in both directions)
include changes in diet and nutrition, hormonal changes
because of economic and wartime stresses, and improve-
ments in medical care leading to fewer stillbirths (which tend
to be male).17 22–24

Davis et al1 presented crude data from the USA and Canada
from 1970 to 1990 showing a decline in male births in both
countries. They pointed out that the change, while on the
order of a tenth of a percentage, translates into tens of
thousands of fewer male births than expected nationwide.
Later studies have shown inconsistencies by race and by
region. Nicolich et al15 examined US national data from 1964

to 1995, and found an apparent decline in male births among
white groups, but an increase among non-white groups.
Marcus et al13 analysed US data from 1969 to 1995 by region
and race, and similarly noted a decline in male births among
the white population and an increase among the black
population generally for the nation. An exception to this was
the ‘‘Pacific’’ region (not defined, but presumably including
California), where the decline was observed in both white
and black populations.
Davis et al proposed that the sex ratio might be used for

surveillance of environmental exposures in the general
population, as the US national decline they noted might be
revealing, and was unlikely to be attributable to secular
changes in known sex ratio determinants.1 Others have
questioned the use of the sex ratio as a surveillance tool on a
population level.25 Davis and colleagues called for further
analyses in states and other regions to resolve these issues.
Our goal was to examine trends by focusing the analysis on
California, where we can extend the time period examined
back to 1960, and obtain more detailed demographic data,
especially for race, than are available at the national level.

METHODS
We accessed computerised birth files from the California
Department of Health Services’ Center for Health Statistics
for each year from 1960 to 1996. These files included all
California births, and contain data recorded on the birth
certificates, including sex of the child, maternal age, paternal
age, birth order, and race. The records contained no personal
identifiers.
Race of the child was categorised into six groups: white,

black, Chinese, Japanese, Native American, and ‘‘other’’. The
Native American group included American Indian, Eskimo,
and Aleut. The other category included Filipino, Hawaiian,
other Pacific Islander, Vietnamese, Korean, and other Asian.
The race/ethnicity of the child is generated by the state Office
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of Vital Records as a combination of mother’s and father’s
race/ethnicity, based on self report. In most cases, when the
mother and father were of different races, the child was
coded to the father’s race. The exception is black, however,
when the child is coded as black if either parent is black. The
variable was left missing if race was coded as unknown or
refused to state. A recent validation study of California
birth certificates showed that race and Hispanic ethnicity had
high positive predictive values and sensitivity for all groups
except the comparatively small proportion of Native
Americans.26

The large number of births over this period (15.7 million)
precluded analysing the data as individual observations.
Instead, we compacted the dataset by grouping births into

categories of covariates: six categories each of mother’s and
father’s age (less than 17 years, 18–19, 20–24, 25–29, 30–39,
and 40 years and over), four categories of birth order (first,
second, third, and fourth or more), and six categories of race
of the child (white, black, Chinese, Japanese, Native
American, and all others). In addition to these racial groups,
Hispanic ethnicity for parents is available for the years 1982
to 1996, permitting the further division of white into
Hispanic (either or both parents) compared with non-
Hispanic.
Births with missing, unknown, or decline to state entries

for any of the demographic variables were excluded from the
multivariate analysis. Missing or unknown mother’s age, race
of child, and birth order was found on less than 1% of
records. Father’s age was missing on 8% of the total records,
but this was largely confined to the years 1966 and 1967,
when father’s age was not available on any record. Not
counting those two years, father’s age was missing on 4% of
records. Of the initial 15.7 million births, about 14.4 million
(92%) had complete information for the multivariate
analyses.
We analysed the sex ratio in terms of the proportion of

births that were male. Regression analysis used the log of
male proportion as the dependent variable, assumed to have
a binomial distribution.27 Regressions were performed with
the procedure ‘‘binreg’’ in Stata (StataCorp, College Station,
TX). The regression coefficient for an independent variable
gives the change in log male proportion associated with a one
unit change in that variable. Exponentiating the regression
coefficient provides a multiplier of the male proportion
associated with a one unit change, where values greater
than one indicate an increasing proportion, and less than
one, a decrease. These exponentiated regression coefficients
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Figure 1 Proportion of male births by year, with spline curve fit,
California, 1960–1996.

Table 1 Number of births and the proportion male, by parent’s age, child’s race, and birth order, California, 1960–1996

Number of births

Number of male births Male proportionNumber (%)

Mother’s age
(17 761830 (5) 390858 0.5131
18–19 1395825 (9) 715878 0.5129
20–24 4865528 (31) 2490977 0.5120
25–29 4517203 (29) 2314573 0.5124
30–39 3904077 (25) 1997962 0.5118
>40 238260 (2) 121709 0.5108
Missing 4212 (,1) 2168 0.5147
Total 15686935 (100) 8034125 0.5122

Father’s age
(17 152092 (1) 78186 0.5141
18–19 554497 (4) 284423 0.5129
20–24 3406113 (22) 1747155 0.5129
25–29 4315299 (28) 2211308 0.5124
30–39 4989680 (32) 2553694 0.5118
>40 999949 (6) 510949 0.5110
Missing 1269305 (8) 648410 0.5108
Total 15686935 (100) 8034125 0.5122

Race
White 12814218 (82) 6565241 0.5123
Black 1490255 (9) 756711 0.5078
Chinese 226049 (1) 116968 0.5174
Japanese 140135 (1) 71937 0.5133
Native American 132150 (1) 67164 0.5082
All others 825707 (5) 426145 0.5161
Missing 58421 (,1) 29959 0.5128
Total 15686935 (100) 8034125 0.5122

Birth order
First 6075128 (39) 3121072 0.5137
Second 4644454 (30) 2377414 0.5119
Third 2509813 (16) 1284654 0.5119
Fourth or higher 2387272 (15) 1215114 0.5090
Missing 70268 (,1) 35871 0.5105
Total 15686935 (100) 8034125 0.5122

1048 Smith, Von Behren

www.jech.com

 on A
pril 5, 2024 by guest. P

rotected by copyright.
http://jech.bm

j.com
/

J E
pidem

iol C
om

m
unity H

ealth: first published as on 14 N
ovem

ber 2005. D
ow

nloaded from
 

http://jech.bmj.com/


are given in the tables of results. Two sided 95% confidence
intervals are provided throughout.
To evaluate trends in the male birth proportion over time,

the main independent variable of interest was the year of
birth. We modelled time in three ways: as a linear term
(year), as a quadratic (year + year2), and as a flexible cubic
spline, with join points at five year intervals.28 The fits of the
different models were compared using the Akaike informa-
tion criterion (AIC).29

To control for confounding effects of changes in demo-
graphic characteristics, a multivariate regression analysis
included child’s race/ethnicity, birth order, and parents’ ages.
We assessed the statistical association of these covariates

with male proportion by a likelihood ratio test of the model
with the covariate represented by indicator terms standing
for its categories compared with a model omitting all
indicator terms from the model.29 We produced standardised
(adjusted) male proportions from the fitted model with the
covariates held at fixed values, namely the proportions of
total births in each category.30

RESULTS
From 1960 to 1996, over 15 million births occurred in
California. The number of births per year grew from as few as
300 000 per year in the early 1970s to twice that number in
the late 1980s.
The crude (unadjusted) California male birth proportion

itself fluctuated between about 0.510 to 0.514 per year (fig 1),
with the average over this entire period 0.5122 (table 1). This
can be compared with a cited value for the USA as a whole of
0.5123 for 1958–1997.3 A smoothing spline through these
data suggests first a rising then falling trend over this span,
although the range of this trend is smaller than the variation
in values year to year (fig 1). This unadjusted spline
regression depicts an overall decline in the male birth
proportion from 0.5118 in 1960 to 0.5114 in 1996.
In the crude data, increasing mother’s and father’s age and

birth order seem to decrease the male birth proportion
(table 1). Also, the various racial groups show differing
proportions, higher for Asian births, and lower for black
births and Native Americans. Besides having their own
associations with the sex ratio, the distributions of these
demographic characteristics in the California population have
changed over this 37 year period (fig 2). The proportion of
children born to mothers 30 years of age or older increased
from 25% to 37%, and fathers 30 or older increased from
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Figure 2 Proportion of births by
mother’s and father’s age, child’s birth
order, and race by year, California,
1960–1996.
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Figure 3 Proportion of male births by year, spline and linear multiple
regressions, all births, adjusted for birth order, race, and parents’ ages,
California, 1960–1996.
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about 40% to 50%. At the same time, first borns increased
from 28% to 38%. Finally, the proportion of births of races
other than white doubled, from 11% to 22%. These
characteristics are also correlated with each other: mothers’
and fathers’ ages have a rank correlation31 of 0.7, and
mother’s age and birth order 0.4. Furthermore, birth order

and parents’ age differ by race: Chinese and Japanese parents
tend to be older than white parents; black and Native
American parents younger. Therefore, as each of these
characteristics may influence the sex ratio, a complete
assessment of the trend in sex ratio must control for these
factors.

Table 2 Change in male birth proportion with year, California, 1960–1996. Models control for race, birth order, and
parents’ age, differing only in their representation of year

Linear* (year) Quadratic (year + year2)
Spline (join points at five year
intervals)

AIC 100474 100476 100480
Change in male proportion 0.9974� (0.9956 to 0.9991) 0.9974 (0.9956 to 0.9991) 0.9974 (0.9950 to 0.9998)
Likelihood ratio test p = 0.004 p =0.01 p =0.03

Mother’s age
(17 1.0005 (0.9975 to 1.0035)
18–19 1.0006 (0.9985 to 1.0027)
20–24 1 (reference category)
25–29 1.0024 (1.0010 to 1.0039)
30–39 1.0031 (1.0013 to 1.0049)
>40 years 1.0035 (0.9988 to 1.0081)
Likelihood ratio test p = 0.02

Father’s age
(17 1.0014 (0.9961 to 1.0068)
18–19 0.9994 (0.9964 to 1.0024)
20–24 1 (reference category)
25–29 0.9987 (0.9971 to 1.0002)
30–39 0.9970 (0.9952 to 0.9988)
>40 0.9965 (0.9938 to 0.9991)
Likelihood ratio test p = 0.03

Birth order
First 1 (reference category)
Second 0.9964 (0.9952 to 0.9977)
Third 0.9962 (0.9946 to 0.9978)
Fourth or higher 0.9906 (0.9889 to 0.9923)
Likelihood ratio test p,0.001

Race/ethnicity
White 1 (reference category)
Black 0.9915 (0.9898 to 0.9933)
Chinese 1.0095 (1.0054 to 1.0137)
Japanese 1.0015 (0.9962 to 1.0068)
Native American 0.9922 (0.9867 to 0.9978)
Other 1.0083 (1.0060 to 1.0106)
Likelihood ratio test p,0.001

*Regression terms for race, birth order and parents’ age shown only for linear model. �Change in male birth proportion over time represents the ratio of the fitted
1996 proportion to the 1960 proportion. For the covariates, the value represents the ratio relative to the reference category. Values less than 1 show a reduction in
male births. 95% confidence intervals are shown in parentheses. AIC, Akaike information criterion.
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Figure 4 Proportion of male births by
year and racial group, spline and linear
multiple regressions, adjusted for birth
order and parents’ ages, California,
1960–1996.
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Multivariate analyses of the male birth proportion control-
ling for these factors (table 2) resulted in an estimated
decrease over this time span of 0.9974 (that is, to 99.74% of
its initial value), regardless of whether birth year was treated
as a linear term, quadratic, or spline, although the confidence
intervals differ somewhat. The AIC criterion favours the
linear model. The standardised spline and linear fit lines
(from the models in table 2, holding covariates at their
population average values) are shown in figure 3.
As expected, the demographic covariates are themselves

statistically significant predictors of birth proportions
(table 2). For the sake of brevity, table 2 shows the covariate
terms only for the linear model; the coefficients of the
covariate terms for the other models are identical to the
fourth decimal place. Mother’s age, father’s age, and birth
order (adjusted for the presence of the others) all had p
values less than 0.05. Mother’s and father’s ages showed
trends, but unlike the crude analysis, the trends are in the
opposite direction: increasing male births with older mothers,
decreasing with older fathers. The model fit was improved
when both these terms were modelled as continuous linear
terms (not shown) compared with the categories in table 2.
Among the race/ethnic groups, black and Native Americans

had significantly fewer male births than white, while Chinese
and the ‘‘other’’ (primarily Asian) category had more. The
Japanese male proportion was not significantly different than
the white population.
As different race/ethnicity groups have different baseline

sex ratios, and previous US studies have shown differing
trends by race, we created adjusted spline and linear fit

analysis for each race group in figure 4 (standardising on
parent’s age and birth order, as above), and present the linear
regression results in table 3. Again for brevity, the coefficients
for parents’ age and birth order are not shown for each race
group, but generally agree with those in table 2. Generally,
most racial groups show a decline in male birth proportion,
however the results are not consistent. Among the nearly 12
million white births, the decline is 0.9972 (95% confidence
interval 0.9953 to 0.9992), the only result significant at the
traditional level. The point estimates for the smaller
Japanese, Native American, and other groups are somewhat
lower, but their wide confidence intervals do not preclude an
increase in male proportion as well. The Chinese births
suggest an increase (although not statistically significant),
and the black births show little evidence of an effect.
The white births contain a sizable proportion of births

classified as Hispanic. Separating the white births into
Hispanic and non-Hispanic is only possible since 1982, when
a Hispanic code was introduced. Since 1982, the proportion of
white births classified as Hispanic has been rising in
California, from 42% in 1982 to 63% in 1996. As the black
and Native American groups previously noted (table 2), the
Hispanic white subgroup had significantly fewer male births
than the non-Hispanic white subgroup (0.9920, 95% con-
fidence interval 0.9903 to 0.9937).
To see if the general downward trend among the white

population combined since 1960 held for Hispanic and non-
Hispanic births since 1982, we repeated the analysis for each
separately over the shorter 15 year 1982–1996 period (last
two rows of table 3). In contrast with the trend for the white
groups combined (fig 4), neither white subgroup showed a
decrease in male birth proportion over the 15 year span
(fig 5). Their increases, 1.0012 for Hispanic and 1.0016 for
non-Hispanic, although not statistically significant, are about
the same magnitude in the opposite direction as the decrease
apparent among the white popuation combined for the same
time span.

DISCUSSION
The overall proportion of male births in California declined
slightly over the 37 year time period examined. Using the
male birth proportion of 0.5114 from 1960, and assuming
about 550 000 births per year in recent years, the crude,
unadjusted decline translates to a reduction of 730 male
births per year, or 1.3 fewer males per 1000 births (95%
confidence limit 0.4 to 2.2/1000). This is comparable to the
estimate of Davis et al of 1 per 1000 births nationwide.1

However, the decline is not consistent across individual
race groups. The white population (82% of births) is the only
group for which a decline is statistically significant. The black
population (which accounted for 9% of births during this
period) do not show this decline, confirming the findings of
Marcus et al13 and Nicolich et al.15

Table 3 Change in male birth proportion, by race, from linear model for year,
controlling for birth order and parents’ age, California, 1960–1996

Change in male proportion Likelihood ratio test

White 0.9972* (0.9953 to 0.9992)` p= 0.005
Black 0.9990 (0.9929 to 1.0050) p = 0.73
Chinese 1.0120 (0.9946 to 1.0297) p = 0.18
Japanese 0.9970 (0.9789 to 1.0155) p = 0.75
Native American 0.9929 (0.9722 to 1.0141) p = 0.51
All other 0.9909 (0.9807 to 1.0014) p = 0.08
Hispanic white 1.0012� (0.9972 to 1.0052) p = 0.55
Non-Hispanic white 1.0016� (0.9974 to 1.0058) p = 0.45

*Change in male birth proportion over time represents the ratio of the fitted 1996 proportion to the 1960
proportion. �For Hispanic and non-Hispanic births, the change in male proportion is given only for the 15 year
span, 1982–1996. `95% confidence intervals.
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Figure 5 Proportion of male births by year for Hispanic and non-
Hispanic white subgroups, spline and linear multiple regressions,
adjusted for birth order and parents’ ages, California, 1982–1996.
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Furthermore, the observed overall decline does not take
into account the effect of the increase in Hispanic births. That
different racial groups show different ‘‘baseline’’ sex ratios is
apparent in figure 4, and in the regression coefficients of the
racial groups relative to the white groups (table 2). The
California Chinese male proportion is slightly higher, and
black lower, than the white population, consistent with the
findings of others.12 15 Although the reason for this is not
known, it has been suggested to result from differences
between races in maternal gonadotropin levels.33 The
standardised male proportion for Native Americans and the
Hispanic white subgroup in California were also lower than
the non-Hispanic white subgroup, to our knowledge never
before reported. Because Hispanics have a lower sex ratio
than the non-Hispanic white population, as the proportion of
Hispanic births increased, the overall male birth proportion
decreased. As a simple illustration, the adjusted male
proportion for the non-Hispanic white subgroup (fig 5) is
about 0.514, and for the Hispanic white subgroup 0.510. In
1982, 42% of white births were Hispanic, 58% non-Hispanic,
for a weighted average of 0.512. By 1996, the proportions
were reversed: 63% were Hispanic, 37% non-Hispanic, for a
weighted average of 0.511. Thus the evidence from 1982
onward suggest that the declining male proportion observed
in the combined white population over the entire period may
be the result of a proportional increase in Hispanic births
during this period.
Previous studies have shown changes in the birth ratio

associated with parent’s age and birth order. Generally,
others have reported a decline in male births with increasing
fathers’ age, with less clear data on mothers’ age.12 14 15 22 32 In
our data, older fathers (controlling for maternal age) were
also associated with decreased male births, but older mothers
(adjusted for paternal age) were associated with increasing
male births. For birth order, controlling for parents’ ages, we
find decreasing male births with higher birth order,
consistent with some,12 22 but not others.33

The decline in male birth proportion in California over the
past 30 years seems attributable to the changing ethnic
composition, and therefore less likely to be attributable to
widespread exposures to hormonally active environmental
exposures. Furthermore, recent theories propose that expo-
sures may produce specific hormonal effects in men and
women leading to opposite results on the sex ratio of their
offspring,34 so that exposures to both men and women in a
population may have effects on the sex ratio that cancel out.
Thus, the sex ratio may be useful in situations of high
exposures to specific same sex groups (such as in an
occupational study), but not as a sentinel indicator in
populations. In any case, this study has reinforced the need

for careful control of demographic factors (such as age of
parents and race) to examine small changes in the sex ratio.
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Guinness Record Healthy Breakfast day to promote healthy eating

B
reakfast plays an important part in
improving overall nutritional status,
and improving feeling of health and

wellbeing.1 The nutritional, educational, and
economic value of having breakfast is
increasingly evident. A territory-wide
Healthy Breakfast Programme with partici-
pation of 91 519 people in 144 venues was
launched by the Centre for Health Education
and Health Promotion of the Chinese
University of Hong Kong in 2002 to promote
regular healthy breakfast eating.2 The unique
feature is the involvement of celebrities such
as pop stars, media, politicians, senior aca-
demic so it can facilitate community partici-
pation and promote participant and
community empowerment. The programme
used the community organisation model,
which is a planned process to activate a
community using its own social structures
and any available resources to accomplish
goals consistent with local values.3 This event
was the largest healthy breakfast programme
breaking the Guinness Record.
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Top: celebrities including pop stars, public figures, sports stars, senior academics had breakfast
simultaneously with 91 519 participants in 144 different venues. Bottom left: students representing
different schools at the university campus. Middle: students eating their healthy breakfast at their
school. Bottom right: staff and witnesses ate the healthy breakfast together at school.
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