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To investigate the association between organic solvent exposure and
menstrual disturbance, we conducted a cross-sectional study among
1408 petrochemical workers in China. Based on an industrial hygiene
evaluation, we classified the workshops according to the presence or
absence of organic solvents (benzene, styrene, loluene, or xylene). We
used logistic regression to estimate odds ratios and 95 % confidence
intervals for prolonged menstrual cycle length (oligomenorrhea: average
cycle length >35 days during the previous year) associated with the
exposure. After adjustment for confounders, each additional year of
work in an exposed workshop was associated with a 7% increase in
oligomenorrhea (odds ratio, 1.07; 95% confidence interval, 1.00 to
1.14). Compared with no exposure, 3 or more years of exposure was
associated with a 53 % increase in oligomenorrhea (odds ratio, 1.53;
95 % confidence interval, 1.00 to 2.34). We concluded that exposure to
organic solvents is associated with a trend toward increased frequency of
oligomenorrhea. (J Occup Environ Med. 2001;43:567-575)

woman’s menstrual pattern is an im-
portant indicator of her reproductive
health? Characteristics of the men
strual cycle reflect an internal endo-
crine environment that may be asso-
ciated with various chronic diseases.
For example, increased risks of
breast cancérand pre- and post
menopausal fracturdésave been ob
served in women with a prolonged
menstrual cycle.

Some environmental exposures
have been reported to influence men-
strual patterné:®> Exposure to vola
tile organic chemicals, such as ben-
zene, is common in both industrial
and non-industrial countriés Sev
eral studies have shown adverse re-
productive outcomes (eg, spontane-
ous abortiong;® subfertility” and
small-for-gestational-age babi€
to be associated with exposure to
various organic solvents. Fewer stud-
ies have investigated the effects of
organic solvents, especially at a low
level, on menstrual patterns, despite
findings in some early studies that
suggested such an associattorin
one study of married women work-
ing in the petrochemical industry in
Beijing, China, self-reported ben-
zene exposure was associated with
both prolonged ¥35 days) and
shortened €21 days) menstrual
cycle?

The purpose of this study was to
examine whether an association ex-
ists between low-level exposure to
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the self-report method used by Thur- matic solvents such as benzene, tol-eligible because they were not work-
ston et aft?we sought to improve the uene, styrene, and xylene. Becauseing in the selected plants. Among
estimates of the effects of organic BYPC is a modern industry, the level women from the selected plants, 55
solvent exposure on menstrual of exposure is very low. For exam- were ineligible and excluded from

patterns. ple, the time-weighted average for the study because of prior marriage,
benzene during the shift for exposed pregnancy, or a disease. Of 1510
Methods workers ranged from 0.017 ppm enrolled women, 1134 (75%) were

. (Rubber Plant) to 0.191 ppm (Chem-
Study Design ical Plant #1), a level well below the
The Chinese health care systemlimit recommended by the National
mandates that every couple planning Institute for Occupational Safety and
to marry visit a designated district Health. Average levels of toluene,
health center to receive a marriage styrene, and xylene were all below 1
health examination (MHE) and to ppm2®
participate in family planning coun-  All women who visited for a mar-
seling. Married couples are required riage health examination or child-
to obtain childbirth permission birth permit were contacted and
(CBP) from the local family plan- screened for eligibility. The eligibil-
ning office before having a baby. We ity criteria were (1) female workers
exploited these requirements of the in BYPC who were 20 to 40 years of

identified by MHEs. Those who
were identified by both MHE and
CBP were classified as CBP enroll-
ees. The participation rate was
greater than 95% among the eligible
women. Seven subjects were ex-
cluded because of smoking; three
were active smokers and the infor-
mation on smoking status for four
others was incomplete. An additional
95 subjects were excluded from the
analysis because of incomplete men-
strual or current employment infor-

health care system to identify newly- age, (2) no previous marriage, (3) no mation. Data from the remaining

wed women (from MHEs) and previous clinical pregnancy, and (4)
nonparous married women (from no medically diagnosed gynecologic
CBP records) 20 to 40 years of age or endocrine disease. In the MHE
who work in the Beijing Yanshan group, all eligible workers from the
Petrochemical Corporation (BYPC). 17 facilities of BYPC were enrolled.
They were invited to participate in a In contrast, in the CBP group that
prospective study of the effects of had daily urine collection, there was
exposure to organic solvents on re- a fifth eligibility criterion to make

productive health outcomes. On en- the data collection more efficient:
rollment, a baseline questionnaire working in one of the nine selected
was administered to each participant production facilities. These facilities
by a trained interviewer. The CBP included the refinery, chemical #1 to
enrollment group was prepared for a #3, synthetic rubber, polyester,
follow-up study by keeping a daily chemical fiber and carpet, water

1408 subjects were used in our
analyses.

Assessment of Exposures

Each woman’'s exposure to or-
ganic solvents was determined by an
evaluation of the production process
in her workshop(s). The petrochem-
ical industry involves a complex in-
tegrated system of well-defined unit
processes?® Each unit process fe
flects a set of chemical conversions
that starts with raw materials and
ends with product materials. These

menstrual diary and providing daily treatment, and power plants. Theseunit processes require specialized
urine samples. The current study is aplants were selected on the basis ofequipment that is located in the ap-
cross-sectional analysis of the datafeasibility of subsequent follow-up propriate sections of the plant. Each

obtained at the time of enrollment.
This study was approved by the in-
stitutional review boards of Harvard
School of Public Health and Beijing
Medical University.

Study Population

From 1994 to 1998, we recruited
employees from BYPC, a large gov-
ernmental industrial park of petro-

leum and chemical processing plants.

BYPC is made up of 17 different, but
well-integrated, production plants
and administrative units. As of 1998,
BYPC employed approximately
39,500 production workers, of whom
nearly 40% were women. The major

occupational exposures include aro-

in terms of the workers’ schedule as plant is divided into a number of
assessed in the pilot study. This se-sections, or workshops, that reflect
lection was independent of any re- the unit processes of chemical reac-
productive outcomes. The facilities tion or other type of production.
excluded from this selection were the BYPC comprises 17 different facili-
machinery manufacture and repair ties, each with various workshops.
plant, architectural engineering unit, Overall, there are 218 workshops,
transportation unit, supply unit, busi- each representing a single unit
ness administration offices, food ser- process.
vice unit, affiliated hospital, and af-  We previously conducted method-
filiated technical school. ologic research on exposure assess-
Among the MHE group, 150 ment and developed a database for
women were ineligible and excluded workshop evaluatiod® An industrial
from the study because of prior mar- hygienist in the research team famil-
riage, pregnancy, or a gynecologic/ iar with the petrochemical process
endocrine disease. In the CBP group, visited each of the nine production
approximately 470 women who ob- plants selected for the CBP group
tained a childbirth permit were not and obtained detailed information on
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the production process of each work- used as a surrogate variable to inves-cooking oil fumes, alcohol consump-
shop. For the other facilities, infor- tigate potential exposure-responsetion, diet, use of herbal medicines,
mation on work processes in each trend. Thirty-two subjects reported heavy lifting, body position during
workshop was obtained by reviewing having worked in more than one work, rotating shift work, perceived
documents provided from the com- workshop. All workshops were eval- work stress based on a four-point
pany and by contacting engineers uated for organic solvent exposure asscale (0 to 3), and physical activities
working in the plants. For example, a outlined above and were included in outside the workplace.
chemical workshop database in- each subject’s years of exposure. - .
cludes a process map; a brief de- In the baseline questionnaire, a Statistical Analysis
scription of the unit process; a list of checklist was provided for 26 poten-  Menstrual pattern variables were
job tasks; and a list of chemicals in tial reproductive toxicants other than coded as indicator variables, where 1
the workshop, such as raw material, aromatic organic solvents that were indicated the presence and 0 the ab-
product material, impurities, and identified in the petrochemical pro- sence of each outcome variable. Ex-
background exposure. cess. Women who reported routine posure to solvents was similarly
Based on the workshop evaluation handling of, or contact with, any of coded as binary. For unexposed sub-
database, an industrial hygienist these chemicals were consideredjects, years of exposure was given as

qualitatively classified each work- “exposed to other chemicals.” 0. Years of exposure was treated as a
shop as either exposed or unexposed continuous variable. Passive smok-
to benzene, toluene, styrene, and/orAssessment of ing was defined as having exposure
xylene. An exposed workshop was Menstrual Patterns to at least one active smoker either at

one in which one or more of these  Assessment of menstrual patternshome or in the workplace on a reg-
organic solvents was routinely used. was based on a questionnaire admin-ular basis. Rotating shift work was
The method of exposure assessmenistered by an interviewer at the time coded as 1 if three or more different
based on the process information of enroliment. Information on each shifts were worked within 1 month
will be described in a separate subject's menstrual pattern in the and as O otherwise. College educa-
report'®® The steps are as follows: year before enrollment included av- tion, perceived work stress, physical
(1) Draw a production-process flow- erage cycle length, longest and short-exertion, and heavy lifting during
chart for each workshop, indicating est cycle length, average duration of regular work shifts were also coded
each step of the chemical reaction. bleeding, perceived irregularity, in- as indicator variables. We analyzed
(2) Identify whether benzene, tolu- termenstrual spotting, and perimen- the data for nonlinear relationships
ene, xylene, or styrene is involved in strual symptoms. We definealigo-  between the outcome variables and
the workshop as raw material, end menorrhea as an average cycle all continuous covariates by general-
product, intermediate chemical, or an length greater than 35 days, accord-ized additive models? Results
element of mixture products. (3) If a ing to accepted definitions of men- lacked evidence for departures from
particular aromatic solvent is present strual cycle length disordért®*” linearity for both age and body mass
in the workshop as any of these Our definition of oligomenorrhea index (BMI). Therefore both covari-
components, classify the workshop also includes amenorrhea, usually ates were included as linear predic-
as exposed to the solvent; otherwise,defined as a menstrual cycle lasting tors for all models. Data on years of
classify it as unexposed. For exam- longer than 90 day$olymenorrhea exposure to solvents suggested that
ple, women working in the electric was defined as an average cyclethe risk of oligomenorrhea starts to
control room, packing workshop, length of less than 21 day®ro- increase after 3 years, although the
workers’ union, administration of- longed bleeding duration, or menor- overall linearity assumption could
fice, information center, or library rhagia, was defined as an average not be rejected. Therefore, the effect
were designated as unexposed.menstrual bleeding period of greater of “years of exposure to any sol-

(4) Because the facilities other than than 7 days. vents” is presented as both interval-
the nine production plants do not . scaled and ordinal-scaled in the mul-
involve a routine process involving T otential Gonfounders tivariate analysis.

aromatic solvents, treat the women In addition to information on re- Multiple logistic regression was

from these workplaces as being un- productive history and menstrual used to estimate the effect of expo-
exposed to aromatic solvents. Evalu- patterns, detailed information was sure variables, with adjustment for
ation of all workshops in which a collected on several potential con- covariates® Model selection was
subject worked yields each subject’s founders: age, body weight and carried out by first examining the full
exposure status to each solvent. height, date of marriage, current and model, including all the variables of
The measurement “years of expo- past contraceptive use, parity, history interest. Covariates that did not
sure,” defined as the number of years of active and passive smoking, pres- change the association between the
worked in an exposed workshop, was ence of indoor coal combustion and exposure and outcome and were not
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TABLE 1
Characteristics of the Study Population

MHE Enroliment Group CBP Enroliment Group

Variable (n = 1070)* (n = 338)t

Age (yrs)

Mean + SD 24.4 1.7 25.4 1.9

Range 20.0-34.5 21.2-34.4
Body mass index (kg/m?)

Mean + SD 20.6 = 2.6 21.0 £ 2.7

Range 14.8-36.7 15.8-33.5
Employment (yrs)

Mean + SD 41 =241 5.7 +2.6

Range 0.1-19.0 1.0-15.7
Education (n/%)

College 316/29.6 70/20.7

High school or lower 753/70.4 268/79.3
Passive smoking (n/%) 532/49.7 176/52.1
Rotating shiftwork (n/%) 285/26.9 167/49.6
Aromatic solvent exposure (n/%)* 247/23.1 193/57.1
Other chemical exposure (n/%)$ 76/7.1 88/26.0
Perceived work stress (n/%) 77/7.3 23/6.9
Heavy lifting (n/%) 114/10.8 58/17.2
Physical exertion (n/%) 97/9.1 37/11.0
Noise at work (n/%) 194/18.4 179/53.0

* Enrolled at marriage health examination.
T Enrolled at child birth permission.

* Exposure to benzene, toluene, styrene, or xylene, based on qualitative industrial hygiene

assessment of workshops.

$ Exposure to other chemicals, based on self-report.

but the level of physical exertion was

similar. These differences reflect the

selection scheme for the CBP group,
which undersampled unexposed sub-
jects by restricting enrollment to nine

production plants.

The prevalence of oligomenorrhea
stratified by exposure status is pre-
sented in Table 2. Of the 138 sub-
jects (9.8% of 1408) who had oligo-
menorrhea, 6 were amenorrheic.
Because a small number of subjects
were exposed to only one of the four
aromatic organic solvents studied
(benzene, toluene, xylene, and sty-
rene), mutually exclusive categories
were formed from all possible com-
binations. Of the 15 possible combi-
nations, only seven contained at least
one subject (Table 2). A higher prev-
alence of oligomenorrhea was found
among subjects exposed to any aro-
matic solvent than among unexposed
subjects.

Table 3 compares the prevalence
of oligomenorrhea between the ex-

significant independent predictors smoking were comparable between posed and the unexposed groups for
were excluded from the final model. the two groups. Women in the CBP each stratum of potential confound-
As one exception, the variable “ex- group had a higher frequency of shift ers. Higher rates were observed in
posure to other chemicals” was in- work, exposure to solvents and other the exposed group consistently
cluded to ensure the adjustment for chemicals, heavy lifting, and noise at across the strata of nearly all con-
potential confounding, although the work than those in the MHE group, founders examined. Women with

variable did not show significant as-
sociation with the outcome in a uni-

variate analysis. Because the low
prevalence of polymenorrhea (9 of

TABLE 2
Prevalence of Oligomenorrhea* by Solvent Exposure Category Among Newlywed

1408) and menorrhagia (20 of 1408) emale Employees

might lead to unreliable estimates of

. Solvent Exposure Oligomenorrhea (%) Total
the effect of exposure status in the None 65 968
presence of other covariates, these Any aromatic solvent 127 440
outcomes were not included in our Benzene' 12.8 437
analyses. All analyses were per- Toluene® 12.9 356
formed with either SA%® or Styrenef 14.5 276
S-PLUS?? Xylene . - 141 284
Mutually exclusive categories
Benzene only 121 33
RGSU"S Styrene only 0 3
The characteristics of the study Benzene and toluene 9.3 43
population are described by enroll- Benzene and styrene 12.5 48
ment group in Table 1. The CBP Benzene, toluene, and styrene 6.9 29
I lightl | Benzene, toluene, and xylene 9.1 88
enroliment group was slightly o der, Benzene, toluene, styrene, and xylene 16.3 196
with a longer work history (an ex- Total 9.8 1408

pected finding, because a Chinese
couple must have a marriage health
examination before obtaining a

* Defined as average cycle length >35 days.'®

T Exposure to each solvent, with or without exposure to the other aromatic solvents.

* Categories such as “toluene only” and “xylene only” are not presented because they
childbirth permit). BMI and passive applied to none of the subjects.
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TABLE 3
Prevalence of Oligomenorrhea* Among Newlywed Female Subjects Within the Categories of Solvent Exposure and
Potential Risk Factors

Prevalence of Oligomenorrhea

Unexposed Exposed? Total
Variables % n % n % n

Age (tertiles)

20.0-23.6 6.5 355 9.1 121 71 476

23.7-25.0 8.3 315 115 156 9.3 471

25.0-34.5 11.1 298 16.6 163 13.0 461
BMI (tertiles)

14.8-20.3 6.4 326 5.6 144 6.2 470

20.3-22.0 8.7 321 10.1 148 9.2 469

22.0-36.7 10.3 319 22.3 148 14.1 467
Education

High school or lower 9.3 674 13.0 347 10.6 1021

College 6.5 295 11.8 93 7.8 386
Passive smoking

No 6.6 469 10.4 231 7.9 700

Yes 10.2 499 15.3 209 1.7 708
Enrollment group*

MHE 7.7 823 9.3 247 8.0 1070

CBP 13.1 145 171 193 15.4 338
Other chemicals$

No 8.7 907 13.4 337 10.0 1244

Yes 4.9 61 10.7 103 8.5 164
Rotating shift

No 8.3 749 15.5 194 9.8 943

Yes 9.2 207 10.2 245 9.7 452
Perceived work stress

No 8.3 884 13.7 410 10.0 1294

Yes 11.3 71 0 29 8.0 100
Heavy lifting

No 7.6 830 12.3 391 9.1 1221

Yes 13.8 123 16.3 49 14.5 172
Total 8.5 968 12.7 440 9.8 1408

* Defined as average cycle length >35 days.'® BMI, body mass index.

T Exposure to any aromatic solvents, ie, benzene, toluene, xylene, or styrene.

*MHE, enrolled at marriage health examination; CBP, enrolled at childbirth permission.
§ Exposure to chemicals other than aromatic solvents.

older age, higher BMI, passive noise, heavy lifting, exertion, per- sure to each of the aromatic solvents
smoking, perceived work stress, and ceived work stress, rotating shift examined separately. This is an in-
lifting work had a higher percentage work, and education were not statis- teresting finding arising from the fact
of long menstrual cycles. Women in tically significant, nor did they mod- that the greatest effect resulted from
the CBP group had a higher fre- ify the association between exposurethe combined exposure to all four
quency of long cycles. In addition, and oligomenorrhea. Therefore, they aromatic solvents. The exposure to
the CBP group included more were not included in the final mod- *“all aromatic solvents” was associ-
women from the chemical process- els. “Any aromatic solvent” exposure ated with an adjusted OR of 1.76
ing plant and women who were, on was associated with a 34% increase(95% CI, 1.08 to 2.82), compared
average, 2 years older than women inin the odds of oligomenorrhea. Indi- with the “no exposure” group. In the
the MHE group. vidually, exposure to each of the four group exposed to “any aromatic,” the
Results from the multivariate lo- solvents indicated a trend of in- effect of exposure to “all aromatic
gistic regression analysis of oligo- creased frequency of oligomenor- solvents” was diluted by the inclu-
menorrhea are displayed in Table 4. rhea; styrene exposure showed thesion of more subjects who were ex-
Odds ratios (ORs) are adjusted for greatest increase. posed to fewer aromatic solvents.
age, BMI, enroliment group, smok-  As shown in Table 4, exposure to  The increased frequency of oligo-
ing status, and exposure to other“any aromatic solvent” resulted in a menorrhea associated with any aro-
solvents. The tested covariates of smaller OR compared with the expo- matic solvent exposure was indicated
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TABLE 4
Adjusted OR and 95% CI for Oligomenorrhea* Associated With Exposure, Estimated by Different Models for Newlywed
Female Employees

Exposure nt Oligomenorrhea (%) OR* 95% CI

Any aromatic solvent 440 12.7 1.348 0.90-1.99
Benzene 437 12.8 1.358 0.90-2.00
Toluene 356 12.9 1.438 0.93-2.17
Styrene 276 14.5 1.658 1.05-2.55
Xylene 284 14.1 1.638 1.04-2.53
All aromatic solvents 196 16.3 1.768 1.08-2.82
Any aromatic solvent (yr) 1387 9.9 1.07! 1.00-1.14
Any aromatic solvent (yr)

None 949 8.5 (Referent)

>0, =3 103 5.8 0.73 0.27-1.63

>3 335 14.9 1.53 1.00-2.34

* Defined as average cycle length >35 days.'® OR, odds ratio; Cl, confidence interval.

T Number of subjects in the exposure category (total n = 1408).

* Adjusted for age, body mass index, enrollment cohort, passive smoking, and exposure to chemicals other than aromatic solvents.

§ Separate models with the same unexposed group as the reference (n = 968).

IOR for 1 additional year of exposure. Some observations were deleted from the calculation because of a missing value in the years of
employment.

in both the MHE and the CBP 3
groups, although the effect appeared -
to be higher in the CBP group. Strat-
ified analysis by enrollment groups
showed an 18% increase in the odds
due to the exposure (OR, 1.18; 95%
confidence interval [CI], 0.71 to
1.96) in the MHE group, compared
with a 52% increase (OR, 1.52; 95%
Cl1 0.81 to 2.86) in the CPB group. .
Duration of employment was T 147
longer in the exposed group (mean,
4.9; range, 0.4 to 14.8 years) com-
pared with the unexposed group =
(mean, 4.2; range, 0.1 to 19 years). A \/
potential exposure-response relation- 073 -
ship between oligomenorrhea and
years of exposure was investigated
by using the years of employment at (949) (103) (243) (92)
an exposed workshop as a continu- 0 . ] . .
ous variable. The unexposed group Unexposed 0-3yrs 46 yrs > 6 yrs
was assigned 0 years of exposure. A
7% increase in the odds of oligomen-
orrhea was associated with 1 addi- Fig. 1. Adjusted ORs and 95% Cls for oligomenorrhea (average cycle lergh days)
tional year of exposure, assuming a associated with 3 levels of years of exposure. Newlywed female employees of the BYPC, 1994
linear association. The *“years-of- to 1998.
exposure” measurement was exam-
ined in categories of 0 to 3 years, 4 to
6 years, and greater than 6 years oftwo groups with exposure for more ment is 0.53 P < 0.01). To assess
exposure and was compared with thethan 3 years were combined, the ORfor collinearity, we examined the
risk of oligomenorrhea in unexposed for the group was 1.53 (Table 4), results by treating age as dichoto-
subjects. The results in Fig. 1 suggestcompared with the unexposed group. mous, above or below the median.
an increased risk in the groups with3  The correlation coefficient be- The estimates for the effect of expo-
or more years of exposure. When the tween age and duration of employ- sure duration remained the same

Odds ratio with 95% confidence intervals
2

Categories of years of exposure (Number of subjects)
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(OR, 1.07; 95% CI, 1.00 to 1.14). suggestion of an exposure-responsestrual cycle history was independent
We also tried age categories in ter- trend with years of exposure to aro- of her exposure status. Recall of
tiles and centered the age by sub-matic solvents. A 7% increase in the menstrual cycle characteristics has
tracting the population mean. Neither odds of oligomenorrhea for each ad- been reported to have reasonable re-
approach changed the results. Theditional year of exposure seems to be liability in an occupational setting.
correlation coefficients were smaller a small magnitude. Nevertheless, for Assessment of exposure to organic
between BMI and age (0.08® <  female workers with oligomenor- solvents poses a major challenge,
0.01) and between BMI and expo- rhea, chronic exposure to solvents especially in the petrochemical in-
sure duration (0.09F < 0.01). We should be considered as a potentialdustry, where the exposure levels are
similarly examined the results treat- risk factor along with other factors, low. Exposure to volatile solvents is
ing BMI as a dichotomous variable especially if the levels of exposure usually highly variable, and biomar-
and in tertiles. Both approaches gave are higher than those observed in thekers often are not useful in the lower
the same results (OR, 1.08; 95% ClI, current study population. exposure range. We conducted a
1.01 to 1.15), which was consistent The study population was selected qualitative industrial hygiene assess-
with the results when treating BMI from woman attending government- ment of each workshop, indepen-
as a continuous variable. Therefore, mandated premarital health examina- dently of the study participants, us-
we did not consider the correlation tions or those being screened for aing the information on production
between age, BMI, and exposure du- childbirth permit. Because the eligi- steps in the processing of petrochem-
ration to be a concern in our ble women were newlyweds or icals. However, individuals perform
analyses. nonparous women planning to con- different tasks within the same work-
. . ceive, our results were unlikely to be shop, so a certain degree of misclas-
Discussion influenced by a selection bias such assification of exposure among sub-
Menstrual cycle length greater “reproductively unhealthy worker ef- jects who work in the same
than 35 days is defined as oligomen- fect.”*> As part of a prospective eo  workshop is inevitable. We expected
orrhea (36 to 90 days) or amenorrheahort study, the CBP enrollment such misclassification to be nondif-
(>90 days):® The difference be group selection was restricted to 9 of ferential with respect to menstrual
tween oligomenorrhea and amenor-17 facilities in the BYPC. The par- function and to lead to an underesti-
rhea lies only in the degree of the ticipants from the nine production mation of the true association. This
abnormality?? Both can be described plants were similar those from the misclassification may explain some
as menstrual cycle length disorder. other facilities in age (24.6 and 24.7, of the observed difference in the
Oligomenorrhea and amenorrhearespectively) and BMI (20.6 and effects of exposure between the
reflect depressed ovarian function 20.8, respectively). We collected de- MHE and CBP groups. The CBP
that can be either primarily of ovar- tailed information by interview ques- group was undersampled for unex-
ian origin or secondary to a distur- tionnaire from all participants and posed individuals because of the re-
bance at the hypothalamic or pitu- adjusted for major potential con- striction to the nine production
itary level. In a study of 101 women founders for all analyses. To exam- plants, excluding some non-chemical
with oligomenorrhea, the dysfunc- ine whether the selection of the study and administrative units. The mis-
tion was associated with anovulation plants in the CBP group was likely to classification bias may have been
in 89% of the women, and among result in a bias, we performed addi- smaller in the CBP group because of
those, in 31%, it was due to hypotha- tional analyses restricted to thesethe higher prevalence of exposure.
lamic dysfunctior?® Siegberg et al nine plants, both in MHE and CBP The effect of misclassification may
investigated the endocrinologic fea- groups. Exposure to “any aromatic also explain the fact that the unex-
tures of oligomenorrheic adolescent solvents” was associated with an OR posed group showed a slightly higher
girls.>* Compared with control sub of 1.62 (95% CI, 1.01 to 2.62), and risk of oligomenorrhea than the
jects who had cycles of 26 to 32 “years of exposure” with an OR of group with exposure for 3 years or
days, oligomenorrheic girls had ele- 1.08 (95% CI, 1.01 to 1.17). Other less. Considering that the unexposed
vated levels of androgen and lutein- analyses restricted to the nine plantsgroup had been employed for an
izing hormone and depressed levelsalso showed results consistent with average of 4.2 years, the risk esti-
of estradiol and progesterone. those without the restriction. These mate may have been attenuated be-
In this study, we found an in- findings suggest that the selection of cause of misclassification.
creased frequency of oligomenorrheathe study plants in the CBP group Employees may have been ex-
among women exposed to aromatic was unlikely to have led to a bias in posed to other chemicals in addition
solvents. The association remainedour results. to the reported aromatic solvents. We
after adjustment for confounders Menstrual function was assessed prepared a list of chemicals that have
such as age, BMI, passive smoking, retrospectively. We assumed that been implicated in the literature as
and enrollment group. There was a each subject’'s report of her men- possible reproductive toxins. During
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the baseline interview, subjects were model for predicting menstrual cy- Environmental Health Science, 1R01
asked whether they handled one orcles by using the lag time between ©H03027 from the National Institute of Oc-
more of the chemicals. Exposure to the end of one ovarian cycle and the ]f”pat;ﬁ”a:zsa,fety a”dtHleg'tht' a:‘_d 61351382
these chemicals was adjusted for in start of the next. This lag time would | o™ ™€ Snvironmental Frotection Agency.

multivariate analyses. Although un- reflect any delay in the follicular We thank Dr Richard Monson of the Occu-
Y ) 9 y Y . pational Health Program, Harvard School of

derreporting is expected, a substan-phase that might be due to an envi- p,pjic Health for his comments on our
tial confounding effect would have ronmental insult. Such an insult may manuscript.

been adjusted for. Furthermore, the act as an acute and a chronic effect,
prevalence of the exposure to most particularly among employees with

of the chemicals was low compared both short- and long-term exposures. References

with that of exposure to the volatile Additional data are required to deter-
organic solvents. Thus the observed mine whether such a delay in the
oligomenorrhea was more likely due follicular phase occurs at the ovarian
to organic solvents than to other level or at a higher level such as the
chemical(s). Because of limitations pituitary gland or hypothalamus. A
in exposure assessment, we could notprospective study with serial mea-
separate the effects of individual sol- surements of gonadotropins (follicle-
vents. Further studies using more stimulating hormone, luteinizing
sensitive methods of exposure as-hormone) and ovarian hormones (es-
sessment are needed to compare thérogen, progesterone) would help to
effects of individual solvents and to answer some of these questions. An-
examine effect modification. In the other approach to strengthen the cur-
current study, we had insufficient rent observation is to study time to
power to determine whether a certain conception, because oligomenorrhea
duration of exposure is required until is likely to be associated with anovu-
the effect is observed. There was anlation. We will report separately our
indication that the effect became ap- assessment of time to conception
parent after 3 years. However, this from the prospective study.

may be because of the low levels of  Early studies of the effect of aro-
exposure and misclassification in the matic solvents on menstrual function
assessment, and the question oOfreported an increased risk of heavy
threshold remains for further studies. yterine bleeding® The prevalence of

Solvents have been associatedthese menstrual outcomes was ex-
with various adverse reproductive tremely low in the current study,

outcomes, including spontaneous possibly because exposures in the
abortion;®birth outcomes’and re  current study were substantially

duced fertllltyg Toluene was shown lower than those reported in ear|y

to interfere with luteinizing hormone = studies. The increased uterine blood
and foIIiCIe-stimulating hormone se- loss previous|y reported may indi-

Cretion,ze and Styrene with menstrual cate a tendency to bleed caused by
cycle?” In animals, xylene was exposure to high levels of benzene
shown to lower serum progesterone that is not observable at lower levels
and estrogen levels and to compro- of exposure. Exposure-induced oli-
mise ovulatiort.® gomenorrhea likely derives from a

Determining the exact mechanism mechanism involving endocrine dis-
of the effect of aromatic solvents on

menstrual cycle would require fur-
ther detailed investigations. How-
ever, the direction of further study
may be focused by certain facts. It is
well known that the luteal phase of
the menstrual cycle is highly consis-
tent among women. To a large ex-

outcome we describe may have been
difficult to observe in the earlier
studies.

Acknowledgments

turbance, and the relatively subtle 10.

11.

1. Harlow SD, Ephross SA. Epidemiology
of menstruation and its relevance to
women’s health.Epidemiol Rev 1995;
17:265-286.

2. Whelan EA, Sandler DP, Root JL, Smith
KR, Weinberg CR. Menstrual cycle pat-
terns and risk of breast canceim J
Epidemiol 1994;140:1081-1090.

3. Cooper GS, Sandler DP. Long-term ef-
fects of reproductive-age menstrual cycle
patterns on peri- and postmenopausal
fracture risk.Am J Epidemial 1997;145:
804-809.

4. Mendola P, Buck GM, Sever LE,
Zielezny M, Vena JE. Consumption of
PCB-contaminated freshwater fish and
shortened menstrual cycle lengthm J
Epidemiol 1997;146:955-960.

5. Gold EB, Eskenazi B, Hammond SK, et
al. Prospectively assessed menstrual cy-
cle characteristics in female wafer-
fabrication and nonfabrication semicon-
ducter employeesAm J Ind Med 1995;
28:799-815.

6. Ashley DL, Bonin MA, Cardinali FL,
McCraw JM, Wooten JV. Blood concen-
trations of volatile organic compounds in
a nonoccupationally exposed US popula-
tion and in groups with suspected expo-
sure.Clin Chem 1994;40:1401-1404.

7. Lindbohm M-L. Effects of parental expo-
sure to solvents on pregnancy outcome.
J Occup Environ Med 1995;37:908—
914.

8. Xu X, Cho S-I, Sammel M, et al. Asso-
ciation of petrochemical exposure with
spontaneous abortionOccup Environ
Med 1998;55:31-36.

9. Sallmen M, Lindbohm M-L, Kyyronen P,

et al. Reduced fertility among women

exposed to organic solventdm J Ind

Med 1995;27:699-713.

Savitz DA, Whelan EA, Kleckner RC.

Effect of parents’ occupational exposures

on risk of stillbirth, preterm delivery, and

small-for-gestational infantsAm J Epi-
demiol 1989;129:1210-1218.

Michon S. Disturbances of menstruation

in women working in an atmosphere

polluted with aromatic hydrocarbons.

Polski Lekarski 1965;20:1648—-1649.

This study was supported in part by grants 12, Thurston SW, Ryan L, Christiani DC, et

tent, cycle variability is determined
by the length of the follicular phase.
Harlow and Zege® developed a

1R01 HD32505-01 from the National Insti-
tute of Child Health and Human Develop-
ment, 1R01 ES08337-01 from the Institute of

al. Petrochemical exposure, ergonomic
factors and menstrual disturbancésn J
Ind Med2000;38:555-564.



JOEM - Volume 43, Number 6, June 2001

13. Hu Y.A Chemical Exposure Assessment 18.

14.

15.

for a Study of Reproductive Effects in
Petrochemical Workerfgloctoral thesis].
Boston: Department of Environmental
Health, School of Public Health, Harvard
University; 1998.

Austin GT.Shreve’s Chemical Process In-
dustries.New York: McGraw-Hill; 1984.
Meyers RAHandbook of Petroleum Re-
fining ProcessesNew York: McGraw-
Hill; 1997.

15a. Hu Y, Smith TJ, Xu X, et al. Compari-

16.

17.

son of self-assessment of solvent expo-
sure with measurement and professional
assessmenfm J Ind MedIn press.
Speroff L, Glass RH, Kase N&linical
Gynecologic Endocrinology and Infertil-
ity. Baltimore: Williams & Wilkins;
1994.

Herbst AL, Mishell DR, Stenchever MA,
Droegemueller WComprehensive Gyne-
cology. Boston: Mosby-Year Book;
1992.

19.

20.

21.

22.

23.

24.

Venables WN, Ripley BDModern Ap-
plied Statistics With S-PlusNew York:
Springer-Verlag; 1994.

Hosmer DW, Lemeshow @pplied Lo-
gistic RegressionNew York: Wiley &
Sons; 1989.

SAS Institute. SAS/STAT Software:
Changes and Enhancements Through Re-
lease 6.12Cary, NC: SAS; 1997.
MathSoft.S-PLUS, Version 3.4 Release
1. Cambridge, MA: MathSoft Engineer-
ing & Education, Inc; 1996.

Tindall VR. Jeffcoate’s Principles of
GynaecologyBoston: Butterworths; 1987.
Devoto E, Aravena L, Gaete X. Has
oligomenorrhea a pathological meaning?
The importance of this symptom in inter-
nal medicine.Rev Med Chil 1998;126:
943-951.

Seigberg R, Nilsson CG, Stenman UH,
Widholm O. Endocrinologic features of
oligomenorrheic adolescent girlgertil
Steril. 1986;46:852—857.

25.

26.

575

Weinberg CR, Baird DD, Wilcox
AJ. Sources of bias in studies of time to
pregnancy. Stat Med 1994;13:671—
681.

Svensson BG, Nise G, Erfurth EM, Ols-
son H. Neuroendocrine effects in printing
workers exposed to toluen&r J Ind
Med 1992;49:402—-408.

27. Harkonen H, Holmberg PC. Obstetrics

28.

29.

histories of women occupationally ex-
posed to styreneScand J Work Environ
Health 1982;8:74-77.

Ungvary G, Tatria E. Studies on the
embryonic effects of orth-, meta-, and
para-xyleneToxicology 1980;18:61-74.
Harlow SD, Zeger SL. An application of
longitudinal methods to the analysis of
menstrual diary dataJ Clin Epidemiol
1991,44:1015-1025.

0. Hamilton A. Industrial Poisons in the

United States Boston: MacMillan Co;
1925.

luck.

The Myth

The Buzz On Buzz

The 5 Myths of Buzz
The Reality

Buzz is the stuff of marketing legends. Dark and witty Harry Potter, the traffic-stopping rgtro
Beetle, the addictive Pokemon, cuddly Beanie Babies, the hair-raising “Blair Witch Project
all are recent examples of blockbuster commercial successes driven by customer hype. H
like to share their experiences with one another. andwhen those experiences are favorablg
the recommendations can snowball, resulting in runaway success. But ask marketing mar
about buzz, and many will simply shrug their shoulders. It's just serendipity, they say, or s

eople

agers
neer

buzz-worthy.

1 Only outrageous products are
2 Buzz just happens.

3 The best buzz-starters are the
best customers.

4 To profit from buzz, one must
act first and fast.

5 The media and advertising are
needed to create buzz.

Buzz is increasingly the result of shrewd mar-

keting tactics.

buzz.

squelch buzz.

The most unlikely products can generate buzz.

Often a counterculture has more ability to start

Copycats can reap substantial profits if they
know when to jump in, and when not.
When used too early or too much, they can

—From Dye R. The Buzz on BuzHarvard Business Review
2000;78(6):139-146.




