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Abstract Background. Fertility is reduced in female
rats exposed to levels of nitrous oxide similar to those
found in some dental offices. Epidemiologic studies have
suggested an association between exposure to mixed an-
esthetic gases and impaired fertility. We investigated the
effects of occupational exposure to nitrous oxide on the
fertility of female dental assistants.

Methods. Screening questionnaires were mailed to
7000 female dental assistants, ages 18 to 39, registered
by the California Department of Consumer Affairs. Sixty-
nine percent responded. Four hundred fifty-nine women
were determined to be eligible, having become pregnant
during the previous four years for reasons unrelated to the
failure of birth control, and 91 percent of these women
completed telephone interviews. Detailed information was

ITROUS OXIDE is a widely used inhalation
analgesic. In hospitals, it is usually a carrier gas
for other, more potent anesthetics. In dental offices, it
is administered with oxygen, primarily as a sedative to
reduce anxiety. Nitrous oxide is also used in veterinary
clinics, in ambulances, and as an obstetrical analgesic.
In the 1970s, nitrous oxide came under suspicion as
a reproductive toxin because studies linked occupa-
tional exposure to anesthetic gases to birth defects and
spontaneous abortion.'> Those studies were criticized,
however, most notably for their lack of adequate data
on concomitant factors that might adversely affect re-
production and for possible oversampling of exposed
women with reproductive problems.®” No previous
epidemiologic studies have focused on the effects of
nitrous oxide on fertility, but decreased fertility has
been reported among women occupationally exposed
to mixed anesthetic gases.*®

Rats exposed to 500 ppm nitrous oxide had reduced
fertility.>!® This exposure level is 1/1000 of #he,experi-
mental dose of nitrous oxide that produces malforma-
tions!! and is comparable to the levels of occupational
exposure among many dental personnel.'?

We investigated the effect of exposure to nitrous
oxide on the fertility of female dental assistants. Fertil-
ity was assessed retrospectively by collecting informa-
tion on the number of menstrual cycles women re-
quired to become pregnant. Although some couples
achieve pregnancy quickly, others require years, re-
flecting their lower fertility. Only couples who are ster-
ile are not represented in a sample of gravid women.
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collected on exposure to nitrous oxide and fertility (meas-
ured by the number of menstrual cycles without contra-
ception that the women required to become pregnant).

Results. After controlling for covariates, we found that
women exposed to high levels of nitrous oxide were signif-
icantly less fertile than women who were unexposed or
exposed to lower levels of nitrous oxide. The effect was
evident only in the 19 women with five or more hours
of exposure per week. These women were only 41 per-
cent (95 percent confidence interval, 23 to 74 percent;
P<0.003) as likely as unexposed women to conceive dur-
ing each menstrual cycle.

Conclusions. Qccupational exposure to high levels of
nitrous oxide may adversely affect a woman's ability to
become pregnant. (N Engl J Med 1992;327:993-7.)

This retrospective method of studying fertility'® has
been used to investigate the effects of oral-contracep-
tive use'* and cigarette smoking," but it is applicable
to occupational exposures as well.

METHODS
Study Participants

We randomly selected 7000 female dental assistants, ages 18 to
39, from the dental-assistant registry of the California Department
of Consumer Affairs. We used a four-page, mailed questionnaire to
screen these women for eligibility. Women who did not respond
were sent follow-up letters. Incorrect addresses were traced through
the state files of driver’s licenses and vehicle registrations and
through address corrections from the Postal Service. After three
mailings at three-week intervals, nonrespondents with listed tele-
phone numbers were given reminder calls. The remaining nonre-
spondents were asked to complete a shortened version of the ques-
tionnaire by telephone or were sent a fourth follow-up letter.

Of the 7000 dental assistants sent the screening questionnaire,
8 were dead or living outside the country. Of the remaining women,
4856 (69 percent) completed the screening questionnaire, 232 (3
percent) could not be traced, 204 (3 percent) acknowledged receipt
but declined to participate, and 1700 (24 percent) did not respond.
There were five criteria for further participation: the women had to
have been pregnant within the past four years, with the pregnancy
not due to the failure of birth control; they had to have been married
at the time they discontinued contraception; they had to have
worked full time (at least 30 hours per week) during the six months
before they began to have unprotected intercourse; their exposure to
mercury (a potential reproductive toxin'® used in dental amalgam)
must not have changed during this period; and they had to have
provided a correct telephone number. Four hundred fifty-nine wom-
en (9 percent) met these requirements. The most common reasons
for exclusion were never having been pregnant (35 percent) and not
having been pregnant in the past four years (27 percent). Of the 459
eligible women, 418 (91 percent) completed an extensive interview
by telephone. The protocol for the study was approved by the Clini-
cal Review Subcommittee of the National Institute of Environmen-
tal Health Sciences.

Data Collection

Telephone interviews were conducted between August 1987 and
May 1988 by trained female interviewers who were not told the
specific hypotheses of the study. The interviews (averaging 38 min-
utes) included questions about reproductive and contraceptive his-
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tory, occupational exposures, and other factors, including medical
history, that might have affected fertility. To assess perceived risks,
the women had also been asked on the screening questionnaire
whether they believed working as a dental assistant increased a
person’s risk of infertility, miscarriage, the acquired immunodefi-
ciency syndrome (AIDS), or hepatitis B.

Time to pregnancy was ascertained by establishing the length of
time before the most recent pregnancy during which the woman was
having unprotected sexual intercourse.'®> Women were included re-
gardless of whether they actually intended to become pregnant. The
beginning of this interval without contraception was designated the
reference date. The number of menstrual cycles until pregnancy
was calculated by taking the time between the reference date and
the date of the last normal menstrual period, dividing by the usual
cycle length, and adding one cycle (to include the cycle in which
conception occurred). Any menstrual cycles during which the wom-
an was sexually abstinent were subtracted (affecting time-to-preg-
nancy data for six women). Menstrual cycles during which birth
control was used sporadically were added as half cycles and were
rounded down to the nearest whole cycle (affecting time-to-preg-
nancy data for 23 women). The analysis was based on cycle-by-
cycle successes and failures for up to 13 menstrual cycles. This
censoring at 13 cycles (about one year) was done to exclude possible
effects of medical treatment for infertility, which typically is begun
after one year of attempting to become pregnant.

Exposure to nitrous oxide was assessed as of the reference date
(as was other information used for analysis). Those reporting expo-
sure were asked how many hours per week they worked in a room
where nitrous oxide was being used and whether the nitrous oxide
was scavenged. Dental scavenging equipment typically consists of a
nasal mask and tubing that deliver nitrous oxide to the patient,
capture unused gas and gas exhaled from the patient’s nose, and
vent it away from the work area through a vacuum line. Thirteen
women who did not know whether their workplace used scavenging
were dropped from our analysis. Exposure to other anesthetic gases
was reported by only two women and was not considered in the
analysis.

Statistical Analysis

Time-to-pregnancy data were analyzed with a discrete-time ana-
logue of the Cox proportional-hazards model.'” Models were fitted
by maximum likelihood, with nested models compared by likeli-
hood-ratio testing.'® The model coefficients were used to calculate
an adjusted fecundability ratio (analogous to a risk ratio or haz-
ard ratio). The fecundability ratio estimates the conception rate
for exposed women relative to that for unexposed women in each
menstrual cycle of unprotected intercourse. If, for example, an
exposed group has a fecundability ratio of 0.5, its members are
half as likely as unexposed women to conceive in each menstrual
cycle.

Exposures to nitrous oxide in offices with and without scavenging
equipment were treated as separate variables, each measured in
hours per week. We explored a possible nonlinear dose—response
relation for each, using grouped exposure data. Five hours of expo-
sure per week (one hour per workday) was ultimately used as a
cutoff point on the basis of exploratory analyses and the distribu-
tion of hours of exposure to unscavenged nitrous oxide. That divi-
sion produced five exposure groups: unexposed, low scavenged,
high scavenged, low unscavenged, and high unscavenged.

Other factors that might have affected fecundability were exam-
ined in preliminary analyses. Those of potential importance were
included in the multivariate model: age, race, family income, exer-
cise, body mass, alcohol use, use of recreational drugs, smoking,
douching, history of using intrauterine devices, age at menarche,
history of pelvic inflammatory disease, frequency of sexual inter-
course, lifetime number of sexual partners, and recent use of an oral
contraceptive. Variables were tested as dichotomous, continuous,
and multilevel categorical. With the exception of age and race,
variables that were not significantly related to fecundability were
dropped. Occupational exposure to the following was also exam-
ined: x-rays, methylmethacrylate (used in composite resins and
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dental prostheses), ethylene oxide, chemiclaves (heated chemical
sterilizing systems), cold sterilants, and mercury. None substantial-
ly changed the association between nitrous oxide and fecundability,
and they were therefore dropped. Two-way interactions of fertility-
related factors and exposure to nitrous oxide were tested, but none
contributed significantly to the fit.

REsuLTS

Twenty-eight percent of the dental assistants be-
came pregnant in the first menstrual cycle of unpro-
tected intercourse. As in other studies,'? the rate of
conception tended to decline as the number of cycles
increased (Fig. 1). By the end of 13 cycles (about one
year), 87 percent had become pregnant; according to
clinical criteria the other 13 percent would have been
classified as infertile.

An increased number of hours of exposure to un-
scavenged nitrous oxide was associated with de-
creased fecundability (P<0.01), after adjustment for
recent use of oral contraceptives, number of cigarettes
smoked per day, age, history of pelvic inflammatory
disease, number of sexual partners, frequency of inter-
course, and race (Table 1). On the basis of a linear fit,
each hour of exposure to unscavenged nitrous oxide
per week corresponded to a 6 percent reduction in
the probability of conception in each menstrual cy-
cle. There was no relation between the number of
hours of exposure to scavenged nitrous oxide and
fecundability.

When the numbers of hours of exposure to scav-
enged and unscavenged nitrous oxide were catego-
rized separately to allow for a possibly nonlinear dose—
response relation, reduced fecundability was found
primarily in women with five or more hours of expo-
sure to unscavenged nitrous oxide per week. The ad-
justed fecundability ratios associated with exposure
to unscavenged nitrous oxide were 0.94 for women
exposed for 1 hour per week or less (n = 21), 1.03
for those exposed for 2 to 4 hours per week (n = 20),
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Figure 1. Conception Rate among 418 Dental Assistants.

The rate is the number of women who conceived during each
menstrual cycle of unprotected intercourse (crude fecundability)
as a fraction of those who were at risk in that cycle.
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Table 1. Adjusted Fecundability Ratios for
Nitrous Oxide and Covariates.*

FECUNDABILITY

VARIABLE RaTIO (95% CI)
Nitrous oxide exposure
(each hr/wk)
Scavenged 1.00 (0.98-1.02)
Unscavenged 0.94 (0.90-0.98)
Covariates

Oral-contraceptive uset 0.50 (0.29-0.86)

Cigarettes (each 0.54 (0.27-1.06)
pack/day)

Age (each decade) 1.16 (0.86-1.55)

History of pelvic 0.39 (0.17-0.91)
inflammatory disease

=6 previous sexual 1.52 (1.18-1.95)
partners

Frequency of intercoursed 1.28 (1.06-1.54)

Nonwhite race 0.83 (0.63-1.10)

*In this analysis 203 unexposed women, 121 women exposed
to scavenged nitrous oxide, and 60 women exposed to unscav-
enged nitrous oxide were considered. Thirty-four women with
missing data for one or more covariates were excluded. CI de-
notes confidence interval.

tEstimated effect during the first cycle after discontinuing oral
contraception. (Such effects become negligible after the first few
cycles.)

$Comparing two groups of women with a difference of three
times per week in the frequency of intercourse, on the basis of a
linear fit.

0.45 for those exposed for 5 to 9 hours per week
{n =9), and 0.37 for those with 10 or more hours of
exposure per week (n = 10). In the combined group
with five or more hours of exposure to unscavenged
nitrous oxide per week, the estimated probability of
conception in each menstrual cycle was almost 60
percent lower than among unexposed women (adjust-
ed fecundability ratio, 0.41; 95 percent confidence
interval, 0.23 to 0.74; P = 0.003) (Table 2). No reduc-
tion in fecundability was evident in any other expo-
sure group.

Although women with five or more hours of expo-
sure to unscavenged nitrous oxide per week (the high-
unscavenged group) had markedly lower fecundabil-
ity, they were otherwise similar to the rest of the
dental assistants in the study. There were minor differ-
ences between the high-unscavenged group and the
others in age (100 percent of the high-unscavenged
group were under 30, as compared with 87 percent of
the others), race (26 percent vs. 13 percent Hispanic),
sexual frequency (5 percent vs. 17 percent reported
having intercourse less than twice a week), and oral-
contraceptive use (11 percent vs. 20 percent had used
oral contraceptives as their last method of contracep-
tion before attempting pregnancy). In addition, the
high-unscavenged group had more women working
with amalgams (90 percent vs. 73 percent), but this
variable was not significantly related to fecundability.
Statistical adjustment for covariates had little influ-
ence on the estimated effect; the unadjusted fecunda-
bility ratio for exposure to five or more hours of un-
scavenged nitrous oxide per week was 0.45 (95 percent
confidence interval, 0.25 to 0.79).

Other measures of subfertility (with unadjusted
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data) revealed the same pattern. The mean time to
conception among the women who worked with scav-
enged nitrous oxide was similar to that among the
unexposed women, but it was much longer among the
women who worked with unscavenged nitrous oxide
for five or more hours a week (Table 3). The cumula-
tive probability of conception was also markedly low-
er at each menstrual cycle for women in the high-
unscavenged group (Fig. 2). Only 11 percent became
pregnant in the first cycle of unprotected intercourse,
as compared with 27 percent of the unexposed wom-
en, and 42 percent required more than one year to
conceive, as compared with 11 percent of the unex-
posed women.

Concern about occupational risk was more preva-
lent for hepatitis B (85 percent of the women), AIDS
(63 percent), and miscarriage (24 percent) than for
infertility (11 percent). When the women who be-
lieved that working as a dental assistant increased a
person’s risk of infertility (a group that might be prone
to response bias) were excluded from the analysis, the
adjusted fecundability ratio for a high level of expo-
sure to nitrous oxide became 0.49 (95 percent confi-
dence interval, 0.26 to 0.91).

The occurrence of spontaneous abortions among
the women in this study was also examined. Excluding
the 93 women who were pregnant at the time of data
collection, we found that 10 of the remaining women
reported exposure to five or more hours of unscav-
enged nitrous oxide per week at the time of their preg-
nancies. Five of these pregnancies (50 percent) ended
in spontaneous abortion, as compared with 8 percent
of the other 315 pregnancies.

DiscussioN

We found an association between occupational ex-
posure to high levels of unscavenged nitrous oxide and
reduced fertility in female dental assistants. This find-
ing is consistent with both laboratory studies of ni-
trous oxide and epidemiologic studies of women ex-
posed to mixed anesthetic gases that included nitrous
oxide.*® The association did not depend on adjust-
ment for other variables, including other occupational

Table 2. Effect of Nitrous Oxide on Fecundability,
According to the Use of Scavenging and Hours of

Exposure.
ADIUSTED
FECUNDABILITY
NiTroUS OXIDE No. or RaTio
EXPOSURE WOMEN (95% ChH* P VALUE

Scavenged (hr/wk)

<5 85 1.05 (0.83-1.32) 0.69

=5 36 1.15 (0.83-1.59) 0.40
Unscavenged (hr/wk)

<5 41 1.01 (0.73-1.39) 0.53

=5 19 0.41 (0.23-0.74) 0.003

*As compared with 203 unexposed women. The ratio was adjusted for
oral-contraceptive use, smoking, age, history of pelvic inflammatory dis-
ease, number of previous sexual partners, frequency of intercourse, and
race. CI denotes confidence interval.
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Table 3. Time to Conception, According to Exposure Group.*

NiTrOUS OXIDE No. oF CycLEs TO PREGNANT IN >13 CvcLEs TO
EXPOSURE WOMEN CONCEPTION FIrsT CYCLE PREGNANCY
percent
Unexposed 215 6.4+0.8 27 11
Low scavenged 88 4.7+0.6 33 9
High scavenged 39 5.6x1.3 33 10
Low unscavenged 44 9.0x2.4 30 18
High unscavenged 19 322x11.1 11 42

*Thirteen women who could not provide complete information on exposure are omitted.
Plus—minus values are means +SE.

exposures in dental offices. Confounding by other un-
measured factors potentially related to subfertility was
minimized because we compared exposed dental as-
sistants with unexposed dental assistants who were
demographically similar. By restricting our sample to
women who worked full-time, we avoided the bias that
arises from comparing an employed group of women
with homemakers or part-time workers (groups likely
to be reproductively healthy).%

Although we studied only women who eventually
became pregnant, the range of times to pregnancy was
wide (some of the women tried for more than 10
years). However, if nitrous oxide had rendered some
women sterile, those women would have been ineligi-
ble for our study, and the adverse effect of exposure
would have been underestimated.

The widespread availability of nitrous oxide, com-
bined with its reputation as a safe anesthetic, has led
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Figure 2. Cumulative Percentage of 405 Dental Assistants Who
Were Pregnant at Each Menstrual Cycle, According to Exposure
Group.

The unexposed group (n = 215) reported no exposure to nitrous
oxide. The low-scavenged group (n = 88) reported less than five
hours of exposure to scavenged nitrous oxide per week. The
high-scavenged group (n = 39) reported five or more hours of
exposure to scavenged nitrous oxide per week. The low-unscav-
enged group (n = 44) reported less than five hours of exposure to
unscavenged nitrous oxide per week. The high-unscavenged
group (n = 19) reported five or more hours of exposure to un-
scavenged nitrous oxide per week. Thirteen women could not be
classified according to use of scavenging and were excluded.
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to its abuse as a recreational drug.’ We were con-
cerned that our results might partially reflect recrea-
tional, not occupational, exposure. However, all the
women in offices where nitrous oxide was used pre-
sumably had equal recreational access to the gas, but
we observed an effect only among women with high
levels of exposure to unscavenged gas, suggesting an
effect due to occupational exposure.

Retrospective time-to-pregnancy studies are vulner-
able to distortions in the estimate of effect if there
are time trends in the exposures being studied. Ex-
posure to unscavenged nitrous oxide has declined
since 1978, when dental offices began to use scaveng-
ing equipment. Women who took a long time to
become pregnant were more likely to have earlier
reference dates and to have had the opportunity to
be exposed to unscavenged nitrous oxide. Statistical
methods were developed to estimate the possible bias
in the fecundability ratio created by the decreasing
opportunity for exposure.?? After accounting for this
bias, the association between unscavenged nitrous ox-
ide and reduced fecundability remained statistically
significant.

Response bias has been a problem in reproductive
studies involving anesthetic gases.” In our study,
women who had trouble conceiving and who were
concerned about workplace exposure may have been
more motivated to participate. When asked about per-
ceived risks, however, few women said that working as
a dental assistant increased the risk of infertility. The
degree of response bias may therefore have been rela-
tively small. When we excluded from analysis the 40
women who believed working as a dental assistant
affected fertility (the group likely to contribute most to
response bias), the fecundability ratio for high levels
of exposure to nitrous oxide did increase, but the esti-
mated effect remained strong (0.49 [95 percent confi-
dence interval, 0.26 to 0.91] vs. 0.41 [95 percent confi-
dence interval, 0.23 to 0.74]).

Evidence of impaired fertility was confined to the
group with high exposure, but our exposure measures
were relatively crude and the statistical power of the
study was limited for women who reported low or in-
termittent exposure (less than one hour per day). As a
result, there may be undetected but biologically im-
portant effects at lower levels of exposure. A prospec-
tive study with measurements made with industrial-
hygiene techniques would be required to characterize
the dose—response relation more precisely.

The mechanism by which nitrous oxide might im-
pair fertility is unclear. Increased time to pregnancy
can result from a range of biologic disruptions, includ-
ing ovulatory impairment, tubal dysfunction, and loss
of a conceptus before or after implantation, before
pregnancy is clinically recognized. Nitrous oxide may
block the secretion of gonadotropin-releasing hor-
mone by the hypothalamus, disrupting ovulation, as it
does in rats.'”** Nitrous oxide can also oxidize vitamin
B, and inactivate methionine synthase, an enzyme
important in DNA synthesis.?> Decreased methionine
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synthase activity might disrupt any biologic process
requiring rapid mitosis, such as folliculogenesis or ear-
ly development of a conceptus. Depressed methionine
synthase activity has been reported in patients who
receive nitrous oxide and in dentists with occupation-
al exposure to nitrous oxide at a level of more than
1500 ppm.??” It is this mechanism that has been
hypothesized to cause teratogenic effects in labora-
tory rats, but recent studies cast doubt on the hypothe-
5is. 22 Tt is not known whether depressed levels
of methionine synthase are important for nonterato-
genic end points, such as subfertility or spontaneous
abortion.

Nitrous oxide is used by 35 to 50 percent of all
dentists in the United States.3*%! Although scavenging
equipment is standard in hospital operating rooms, it
is still not used in all dental offices. In a dental office, a
scavenging mask cannot be placed over the patient’s
mouth to catch exhaled gas, which makes controlling
exposure inherently more difficult than in a hospital.
Scavenging can nevertheless reduce levels of exposure
by 90 percent or more.'?3? According to our screening
questionnaire, over 20 percent of the dental assistants
in California in 1987 worked in offices that used ni-
trous oxide but did not have scavenging equipment.

Although the National Institute for Occupational
Safety and Health proposed a recommended standard
of 25 ppm for nitrous oxide in 1977,*® the Occupation-
al Safety and Health Administration has never adopt-
ed a mandatory standard for the gas. In most parts of
the United States, nitrous oxide has therefore gone
virtually unregulated. Levels of exposure in dental of-
fices remain high, frequently around 100 ppm in of-
fices that use scavenging equipment and over 1000
ppm in offices that do not.'?3*

There are more than 175,000 dental assistants,
80,000 dental hygienists, and 15,000 female dentists in
the United States®; most are women of reproductive
age. Our data suggest that exposure to high levels of
unscavenged nitrous oxide can impair fertility and
scavenging equipment is important in protecting the
reproductive health of women who work with the gas.
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preparation of data for analysis; to Sherry Gates, D. Robert
McConnaughey, and N. Beth Ragan for programming assistance;
and to Ann Coker, E.I. Eger I1, Tony Fletcher, Beth Gladen, Mau-
reen Hatch, Esther John, James McGlothlin, Jorn Olsen, Lewis
P. Rowland, Dale Sandler, David Savitz, Sherry Selevan, John
Stamm, Zena Stein, Johanne Sundby, H.A. Tyroler, and Elizabeth
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