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Abstract
Background: Chemicals are among risk factors that can affect women's reproductive system. This study is

aimed to investigate the association of occupational exposure to a mixture of organic solvents with menstruation
disturbances and hormonal changes among female workers.

Methods: Female workers of a pharmaceutical company were divided into three groups of non-exposed, low-
exposed and highly-exposed to a mixture of organic solvents (formaldehyde, phenol, N-hexane, and chloroform)
based on workplace measurements.  Menstrual disturbances (in terms of short cycles, long cycles, irregular cy-
cles, and bleeding or spotting between periods) and mean of hormone levels (including follicle stimulating hor-
mone, luteinizing hormone, thyroid stimulating hormone, prolactin, estrogen and progesterone levels) were
compared between these three groups. For investigating associations, logistic regression was performed.

Results: Our study showed that mean length of cycles, duration of bleeding, and amount of flow and also
prevalence of long cycles, irregular cycles, and bleeding or spotting between periods were higher in exposed
groups (p≤0.05). Odds ratio for prevalence of menstrual disturbances in the low exposure group and high expo-
sure group were 9.69 (p=0.001) and 3.40 (p=0.002) respectively compared to the reference group. Estrogen and
progesterone levels were not affected (p> 0.05), but other hormones levels were significantly disturbed in the
exposed groups compared with the non-exposed group (p=0.001).

Conclusion: Occupational exposure to the mixture of organic solvents may be associated with the increase of
menstrual disorders and hormonal changes in female workers. Based on our findings, periodic evaluation of
reproductive system of female workers in pharmaceutical companies is recommended.
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Introduction
Chemicals are among risk factors that can

affect women's reproductive system (1).
After reports of adverse effects of certain
chemicals on reproductive function, haz-
ards to reproductive health and associated

functions have become prominent issues
(1). Because of wide spread use of chemi-
cals in industrial settings, exposure to such
hazards is almost inevitable in workplaces
(2). Studies suggested that exposure to
chemicals such as organic solvents and pes-
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ticides could affect different aspects of
women's reproductive system such as fertil-
ity, menstrual cycle and ovulation (3). In a
study by Cho et al the exposure to organic
solvents was associated with increased fre-
quency of oligomenorrhea (4). Exposure to
organic solvents has been related to sponta-
neous abortion, stillbirth, miscarriage, and
small for gestational age in pregnant wom-
en (5,6). It is shown that exposure to 2-
bromopropane in the workplace is associat-
ed with increased prevalence of secondary
amenorrhea and elevated follicle stimulat-
ing hormone (FSH) and luteinizing hor-
mone (LH) levels (7). Also exposure to
benzene, toluene, and cyclohexane may
lead to irregular menstrual cycles (8). It is
shown that exposure to formaldehyde is
associated with adverse effects on fertility
of women workers in the wood-processing
industry (9). Animal studies and human cell
culture research have demonstrated harmful
effects of phenol such as fetotoxicity and
genotoxicity (10). In another study, expo-
sure to a mixture of organic solvents in-
cluding N-hexane, hexane isomers, toluene
and methyl ethyl ketone in shoe manufac-
turing industry was associated with reduced
fertility among female workers (11). Other
organic solvents such as chloroform, tolu-
ene, 2-ethoxyethanol and xylene have re-
ported to be teratogenic and cause growth
retardation of the offspring in animal tests
(9).

Despite of widespread use of several
thousand exogenous chemicals in industrial
processes, our knowledge about the effects
of such hazards on reproductive system is
limited.

The number of women workers is in-
creasing worldwide and a considerable
proportion of them are of reproductive age.
Therefore attention to effects of occupa-
tional exposures on reproductive system is
required (1).

The pharmaceutical industry employs
more than 350 thousand people all over the
world (12). In pharmaceutical industry sol-
vent use is common and consistently ac-
counts for between 80 % and 90 % of mass

utilization in a typical pharmaceutical batch
chemical operation (13). Considering that
usually in industrial settings workers are
exposed to a variety of organic solvents in
each time, we aimed to investigate the as-
sociation between occupational exposure to
a mixture of organic solvents and menstrua-
tion disturbances among female workers of
a pharmaceutical company.

Methods
Study design and population
This cross-sectional study of menstrual

disturbances was conducted among female
workers in a pharmaceutical factory in Iran
in 2011. All female workers of reproduc-
tive age (before menopause) that were
working in laboratory or packing units and
had at least one year work experience were
invited to participate in the study. Demo-
graphic, medical and occupational data
were collected through medical records,
direct interviews, and a questionnaire. The
questionnaire contained information about
age, marital status, height and weight to
calculate body mass index (BMI), educa-
tional level, tea consumption, smoking and
exercise habits, work experience in the cur-
rent position, shift working, heavy lifting,
standing duration, self-perceived work sat-
isfaction and self-perceived work stress
levels, medications, age of menarche, histo-
ry of pregnancy and child bearing and
questions around menstrual cycle of partic-
ipants.

Pregnancy or breast feeding in the past
year, history of gynecological diseases or
uterine disorders such as hysterectomy,
ovarectomy and Asherman’s syndrome,
history of endocrine disease such as proges-
terone deficiency, polycystic ovary, thyroid
disorders and diabetes mellitus, history of
exposure to organic solvents in previous
job or second job, any permanent non-
occupational exposures to organic solvents
and occupational exposure to other chemi-
cals, considered as exclusion criteria.

There were 461 women of reproductive
age working at different units of the facto-
ry. After applying the inclusion and exclu-
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sion criteria, 145 female workers of new
laboratory units, 73 workers of old labora-
tory units and 207 workers of packing unit
were enrolled in the study (total=425 wom-
en). Women working in new and old labor-
atory units were considered as exposure
groups and workers in the packing unit
were considered as non-exposure group.
All study participants signed informed con-
sent and everyone was allowed to leave the
study at any stage. The Ethics Committee
of Tehran University of Medical Sciences
approved the study.

Outcome measurements
Menstrual disorders were defined as any

of four menstrual cycle characteristics:
Short cycles, long cycles, irregular cycles,
and bleeding or spotting between periods
(inter menstrual bleeding) (14) .Also dura-
tion of bleeding, amount of flow, and
symptoms of dysmenorrhea were assessed.

Assessment of menstrual patterns was
created based on responses to questions
during the interview. Shortest cycle length,
longest cycle length, range of variability in
cycles' length and average of cycles’ length
were assessed. Length of cycle was defined
as the number of days was there from the
first day of one menstrual period to the first
day of the next period. The beginning of a
period was defined as the first day of two
consecutive days of bleeding which at least
one of them had to be more intense than the
spotting (15). In fact, the participants were
asked to report the current usual pattern of
their menstrual cycles during the past one
year (16).

The short cycle was defined to be a cycle
less than 21 days and the long cycle to be
more than 35 days (4). Irregular cycles
were defined as having more than seven
days of variability in the cycles' length and
regular cycles were defined as having up to
7 days variability. To measure the duration
of bleeding, we asked women: ‘‘on aver-
age, how many days did your flow last?’’.
To assess the amount of flow, we asked
women: ‘‘on average, how many sanitary
towels did you use every day during men-

ses?’’.
Subjects were answered a question about

their work schedule. Working at times oth-
er than normal daylight hours of approxi-
mately 7:00 AM to 6:00 PM was consid-
ered as shift work (17). Self-perceived
work satisfaction and self-perceived work
stress levels were classified for each work-
er: (“low, medium, and high” for work sat-
isfaction and "none, low, medium, and
high” for work stress levels) (18).

To evaluate the hormones levels includ-
ing FSH, LH, thyroid stimulating hormone
(TSH), prolactin (PRL), estrogen and pro-
gesterone levels, blood samples (one sam-
ple per volunteer) were obtained from all
study subjects at the third day of their men-
strual cycle and were sent to the laboratory
for analysis.

Exposure measurement
In this study, measurement of all solvents

present in the work environment was per-
formed by the professional occupational
hygienist team of the factory. Environmen-
tal measurement of organic solvents present
in the workplace was performed at the
breathing zone for each workplace. Sam-
plers were arranged around the workplace
in different points. Thirty six stations were
designed for packing unit, 42 stations for
new laboratory units and 29 stations were
designed for old laboratory units. Air sam-
ples were collected on charcoal tubes with
constant flow (100 ml/min) pumps (SKC
226-01) for laboratory units and packing
unit. Air monitoring was performed contin-
uously during all working hours. Subse-
quently, gas chromatography (Hewlett-
Packard 5890, Avondale, PA, USA) was
used to analyze the samples and the aver-
age concentration of each solvent was iden-
tified. The results of environmental moni-
toring showed that the solvents present in
laboratory units of the factory were formal-
dehyde, phenol, N-hexane, and chloroform.
Mean concentration of the organic solvents
in new laboratory units for formaldehyde,
phenol, N-hexane, and chloroform were
0.01, 0.5, 20.7, 3.2 parts per million (ppm),
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respectively. Also mean concentration of
the organic solvents in old laboratory units
for formaldehyde, phenol, N-hexane, and
chloroform were 0.03, 12, 35, 5.1 ppm, re-
spectively. The occupational exposure to
the mixture of organic solvents was evalu-
ated according to the American Conference
of Industrial Hygienists (ACGIH) equation.
The following equation was used to assess
the permitted limit of the mixture of organ-
ic solvents (19).

Em = C1/L1 + C2/L2 + …+ Cn/Ln

Where Em is the equivalent exposure for
the mixture of organic solvents, C is the
mean concentration of organic solvents in
the air of the environment, and L is the ex-
posure limit for the organic solvents. After
measuring the mean concentration of each
solvent and replacing it in the equation
above, values of Em larger than 1 indicate
that the concentration of the mixture of or-
ganic solvents in the work environment is
higher than the threshold limit values.

In the old laboratory unit, the value of Em
was calculated to be 3.51 (1.32 - 4.47), in-
dicating a higher than permitted concentra-
tion of the mixture of organic solvents in
the old laboratory unit. In the new laborato-
ry unit, Em was calculated to be 0.86 (0.54
- 0.93), indicating that the concentration of
the mixture of organic solvents in the new
laboratory units was in the permitted range.
In addition, the organic solvents were
measured in packing unit, yielding zero or
negligible concentrations.

Statistical analysis
Mean, standard deviation (SD) and range

of variables were calculated. The chi-
square test and ANOVA were used for
comparing different variables among the
groups. Also to modify the confounding
factors and to evaluate the association be-
tween exposure to organic solvents and
menstrual disorders more precisely, for-
ward logistic regression analysis was used.
The menstrual cycle disturbance was con-
sidered as dependent variable; and occupa-

tional exposure to organic solvents, work
shift, age of menarche, regular exercise,
marital status, age, BMI, duration of work,
perceived job stress and job satisfaction
status were considered as independent vari-
ables. P values less than 0.05 were consid-
ered statistically significant. Outcomes of
the statistical analysis were expressed as
odds ratios (OR) with 95% confidence in-
tervals (95% CI). The SPSS 11 software
was used for performing mentioned calcu-
lations.

Results
Totally 425 women workers were includ-

ed in the study. Mean (±sd) age of all stud-
ied individuals was 31.3 (±4.82) years.
Mean (±sd) work duration of all cases was
8.8 (±5.03) years. Mean (±sd) BMI was
23.7 (±3.39) kg/m2 and 19.3% (82 women)
of workers were shift workers. Table 1
demonstrates the demographic and occupa-
tional variables in the study groups. As
shown in this table, there was no statistical-
ly difference between study groups in terms
of studied characteristics (p> 0.05).

There were significant differences be-
tween groups in terms of mean values of
hormonal tests (p<0.05) (Table 2). The
mean values of FSH, LH and TSH were
significantly higher in the exposed groups
(workers of old and new laboratory units)
than the non-exposed group (workers of
packing unit) (p=0.001). But the mean val-
ues of PRL were significantly lower in the
exposed groups (p=0.001). There were no
significant differences in the mean values
of estrogen and progesterone (p>0.05).

The mean length of menstrual cycle of all
subjects was 26.1 (±3.96) days and the
mean menses length was 4.9 (±1.03) days.
Also the average number of sanitary towels
used per days of menses was 3.6 (±1.40).

A total of 376 workers (88.5% of all
workers) had menstrual cycle length of 21-
35 days, 16 women (3.8%) had menstrual
cycle length less than 21 days (short cycle)
and 33 women (7.7%) reported their men-
strual cycle length more than 35 days (long
cycle). Fifty six workers (13.1%) had irreg-
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ular menstrual cycles and 16 workers
(3.8%) had bleeding during the menstrual
cycle. In general 14.4% (61 women) of
workers were suffering from menstrual dis-
turbances. Also 49.6% (211 women) of all
workers were suffering from dysmenor-
rhea.

Menstrual cycles’ characteristics in the
studied groups are shown in Table 3. As
this table depicts, the mean length of men-
strual cycles, length of menses, number of
pads used per day and frequency of dys-
menorrhea, long menstrual cycles, irregular
menstrual cycles and bleeding during men-
strual cycles were significantly higher in
the new laboratory units workers than the

packing unit workers and these means were
higher in the old laboratory units than other
groups (p<0.05). The frequency of short
menstrual cycles was not statistically sig-
nificant (p=0.222). Generally, the frequen-
cy of menstrual disturbances in the exposed
groups was significantly higher than the
non-exposed group (p<0.05).

After adjustment for confounders, logistic
regression analysis showed that there was a
significant association between menstrual
disturbances and occupational exposure to
the mixture of organic solvents (p<0.05).
According to the Table 4, OR for menstrual
disturbances in the high exposed group was
9.69 (95% CI=4.02-23.35) and in low-

Table 1. Demographic and occupational variables in the study groups for female workers in a pharmaceutical factory
in Iran

Exposure groups
Variable Non-exposed

(N=207)
Low-exposed

(N=145)
high-exposed

(N=73)
P.v

Age (year)
Mean (SD)

31.3 (4.64) 31.8 (4.31) 30.2 (5.74) 0.063

Work of duration (year)
Mean (SD)

9.2 (5.02) 8.6 (5.04) 7.8 (4.78) 0.109

Body mass index (kg/m2)
Mean (SD)

24.0 (3.29) 23.5 (3.52) 23.1 (3.17) 0.067

Age of menarche (year)
Mean (SD)

12.7 (1.31) 12.7  (1.46) 13.1 (1.09) 0.093

Marital status N (%)
Single
Married
Divorced/Separated

36 (17.3)
165 (79.7)

6 (3.0)

24 (16.5)
112 (77.3)

9 (6.2)

16 (21.9)
53 (72.7)

4 (5.4)

0.481

Pregnancy history Yes (%) 100 (48.3) 69 (47.5) 35 (47.9) 0.775
Use of OCP c Yes (%) 33 (15.9) 23 (15.8) 11 (15.0) 0.452
Educational levels N (%)
Guidance and high school
High school graduate
Associate degreea

BAb

14 (6.7)
76 (36.7)
29 (14.1)
88 (42.5)

9 (6.2)
55 (37.8)
19 (13.3)
62 (42.7)

5 (6.8)
27 (36.9)
10 (13.8)
31 (42.5)

0.235

Tea consumption Yes (%) 132 (63.7) 91 (62.7) 45 (61.6) 0.825
Regular exercise   Yes (%) 34 (16.4) 25 (17.2) 11 (15.0) 0.920
Shift work   Yes (%) 46 (22.2) 26 (17.9) 10 (13.8) 0.249
Standing duration (>3 h)
Yes (%)

49 (23.6) 32 (22.0) 15 (20.5) 0.270

Heavy lifting (>10 kg)
Yes (%)

11 (5.3) 7 (4.8) 3 (4.1) 0.381

Perceived job satisfaction N (%)
Low
Medium
High

100 (48.3)
72 (34.8)
35 (16.9)

76 (52.4)
45 (31.0)
24 (16.6)

38 (52.1)
23(31.5)
12 (16.4)

0.943

Perceived job stress N (%)
None
Low
Medium
High

14 (6.7)
64 (30.9)
99 (47.9)
30 (14.5)

11 (7.5)
48 (33.1)
69 (47.5)
17 (11.9)

4 (5.5)
25 (34.2)
34 (46.5)
10 (13.8)

0.983

a An educational level between High school graduate and BA
b Bachelor of Science, c Oral Contraceptive Pills
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exposed group was 3.40 (95% CI =1.56-
7.38) compared to the reference group. Al-
so, menstrual disturbances had a significant
association with age, age of menarche,
BMI, exercise, shift work, work experi-
ence, perceived job stress and job satisfac-
tion (p<0.05), but such association was not
observed between menstrual disturbances
and marital status (p> 0.05).

Discussion
Menstrual disorders frequently affect the

quality of life of adolescents and young
adult women and can be indicators of seri-
ous underlying problems (20). In our study
14.4% of the workers had at least one type
of menstrual disturbances described as:
short cycles, long cycles, irregular cycles
and inter menstrual bleeding. The results of
our study showed that the prevalence of

menstrual disturbances in workers exposed
to organic solvents was more than non-
exposed workers. Based on the regression
analysis prevalence of the menstrual dis-
turbances in the high exposure group was
9.69 times and in the low exposure group
was 3.40 times more than the non exposed
group. Also in this study mean length of
menstrual cycle, length of menses, number
of pads used per day during the menses and
prevalence of dysmenorrhea were higher in
workers exposed to mixture of organic sol-
vents.

In human studies, occupational exposure
to organic solvents has been related to
menstrual disorders, reduced fertility, and
adverse effects on pregnancy (21,22). In a
study among Iranian female workers, it has
been found that occupational exposure to
organic solvents could be associated with

Table 2. Results of hormone tests of the study groups for female workers in a pharmaceutical factory in Iran
Exposure group

Measurements Non-exposed
(N=207)

Low-exposed
(N=145)

high-exposed
(N=73)

P.v

FSH (mlU/ml)
Mean (SD)

6.6 (1.41) 8.2 (1.01) 8.5 (0.61) 0.001

LH  (mlU/ml)
Mean (SD)

4.7 (0.62) 5.2 (0.92) 5.8 (1.16) 0.001

TSH (ulU/ml)
Mean (SD)

2.4 (0.50) 3.9 (1.20) 4.2 (1.07) 0.001

PRL (ng/ml)
Mean (SD)

12.0 (3.05) 11.2 (2.99) 10.6 (2.41) 0.001

Table 3. Frequency distributions of menstrual cycles characteristics and menstrual disturbances in studied
groups for female workers in a pharmaceutical factory in Iran

Exposure groups
Variables Non-exposed

(N=207)
Low-exposed

(N=145)
high-exposed

(N=73)
P.v

Length of cycle (day)
(Mean± SD)

25.3±3.29 26.1±3.75 28.3±5.13 0.001

Duration of bleeding (day)
(Mean± SD)

4.7±1.07 4.9±1.03 5.3±0.79 0.001

Amount of flow (sanitary towels)
(Mean± SD)

3.2±1.24 3.6±1.26 4.7±1.51 0.001

Dysmenorrhea (yes)
N (%)

91 (43.9) 76 (52.4) 44 (60.2) 0.040

Short menstrual cycle (21 days>)
yes N (%)

5 (2.4) 6 (4.1) 5 (6.8) 0.222

Long menstrual cycle (35 days<)
yes N (%)

11 (5.3) 10 (6.8) 12 (16.4) 0.008

Irregular menstrual cycle
Yes N (%)

16 (7.7) 19 (13.1) 21 (28.7) 0.001

Bleeding during menstrual cycle
Yes N (%)

2 (0.9) 6 (4.1) 8 (10.9) 0.001

Menstrual disturbance
Yes N (%)

17 (8.2) 23 (15.8) 21 (28.7) 0.001

SD: Standard Deviation
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adverse outcomes such as prolonged wait-
ing time to pregnancy and increased fre-
quency of spontaneous abortion (2). In a
large study on 1408 female workers, Cho et
al concluded that three or more years of
exposure to a mixture of solvents including
benzene, styrene, toluene and xylene were
associated with a 53% increase in oligo-
menorrhea (4). In a cross-sectional study on
3000 women workers in a large petrochem-
ical company, Thurston et al found a signif-
icant association between menstrual dis-
turbances and exposure to benzene (23).
Chen et al investigated the effects of occu-
pational exposure to benzene and its ana-
logues on luteal function of female workers
in a petrochemical corporation in china.
They found that occupational exposure to
low concentration of benzene and its ana-
logues could lead to shorter length of luteal
phase. Also they reported a decreased level
of luteal progesterone in the exposed group

(24). In a study by Pieleszek et al the preva-
lence of menopause among population
chronically exposed to carbon disulphide
(CS2) was calculated 16.59%, while in the
normal population it was 8.05% (25). In a
study previous exposure to ethylene glycol
ethers (EGEs) could lead to prolonged
menstrual cycle among female workers
who worked in photolithography (26).

In our studied workplace the mixture of
organic solvents was included formalde-
hyde, phenol, N-hexane, and chloroform.
Limited studies investigated the effects of
these solvents on reproductive system. In a
study exposure to formaldehyde was asso-
ciated with adverse effects on fertility of
women workers in the wood-processing
industry (9). Several animal studies re-
vealed that low-dose exposure to bisphenol
(2.4 and 50 ppb per day) can affect the tim-
ing of the onset of sexual maturation in fe-
males (27,28). In some animal and human

Table 4. Association between menstrual disturbances and study variables using logistic regression anal-
ysis for female workers in a pharmaceutical factory in Iran
Variable Status Adjusted OR 95% CI P.v
Solvents Exposure Non-exposure (n=207)

Low exposure (n=145)
high exposure (n=73)

1.00
3.40
9.69

-----------
1.56-7.38

4.02-
23.35

------
0.002
0.001

Age (year) ≤ 31 (n=195)
> 31 (n=230)

1.00
3.97

-----------
1.80-8.76

-------
0.001

Age of menarche (year) 11-16 (n=397)
> 16 or <11 (n=28)

1.00
2.86

--------
1.12-5.01

-------
0.035

Work of duration (year) ≤ 8.5 (n=200)
> 8.5 (n=225)

1.00
5.73

-----------
2.57-
12.77

-------
0.001

Body mass index (kg/m2) ≤ 23.5 (n=210)
> 23.5 (n=215)

1.00
1.96

-----------
1.01-3.80

-------
0.046

Marital status Single(n=76)
Married (n=330)

Other status (n=19)

1.00
1.28
1.65

-----------
0.51-2.61
0.66-3.21

------
0.595
0.552

Regular exercise Yes(n=70)
No(n=355)

1.00
10.90

-----------
2.79-
42.53

-------
0.001

Shift work No (n=343)
Yes (n=82)

1.00
4.12

-----------
1.95-8.71

-------
0.001

Perceived job satisfaction High  (n=71)
Medium (n=140)

Low (n=214)

1.00
2.45
2.90

-----------
1.12-5.39
1.25-6.75

-------
0.025
0.013

Perceived job stress None (n=29)
Low (n=137)

Medium (n=202)
High (n=57)

1.00
2.55
2.97
3.12

------
1.16-5.65
1.32-6.83
1.56-7.02

-------
0.035
0.012
0.005
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studies exposure to n-hexane or hexane
isomers was associated with reduced fertili-
ty and reproductive impairments
(11,29,30), and chloroform was showed to
be teratogenic in animal studies (8).

In our study the mean values of FSH, LH
and TSH were significantly higher in the
exposed groups while the mean value of
PRL was lower in the exposed groups
compared to the non-exposed group. Levels
of estrogen and progesterone remained un-
changed. Luderer et al found a significant
association between occupational solvent
exposure and increased FSH levels, but
there were no significant difference in
terms of LH and testosterone levels be-
tween exposed group and reference group
(31). Svensson et al assessed hormone lev-
els among rotogravure printers exposed to
toluene. They found that median plasma
levels of FSH, LH and free testosterone
were significantly lower than unexposed
people. It was interesting that after sending
eight workers to vacation, an increase in the
blood levels of LH and FSH was observed
and plasma levels of TSH, T3 and T4 de-
creased. They concluded that solvents can
lead to hormonal changes and these chang-
es may be reversible (32). Huang et al in an
animal study to investigate the toxic effect
of n-hexane on sex hormones levels
showed that n-hexane can inhibit ovary se-
cretion of estrogen and progesterone (29).
Also Liu et al in a study to investigate the
toxic effects of n-hexane on the gonad of
female mice suggested that progesterone
levels were affected by exposure to n-
hexane (30).

The exact mechanisms of the effect of or-
ganic solvents on menstruation are not well
known. According to the American College
of Occupational and Environmental Medi-
cine (ACOEM) guidance on reproductive
toxicology, inhalation, skin absorption and
ingestion are the most common pathways
for occupational exposure to reproductive
toxins (33). There are at least two little-
known possible pathways that may play
role in affecting menstruation in workers
exposed to organic solvents. The first

pathway may be the interruption of hypo-
thalamic-pituitary axis by solvents. Organic
solvents may disturb the menstrual cycle by
altering the secretion of GnRH from hypo-
thalamus gland that controls the secretion
of gonadotropins, FSH and LH from pitui-
tary gland (23). About the second pathway,
organic solvents may cause menstrual dis-
turbances by affecting metabolism and en-
tero-hepatic recirculation of steroids. Cyto-
chrome P450 gene families that have a great
role in controlling the steroids metabolism
are very susceptible to environmental expo-
sures. It has been shown that changes in
reproductive steroids metabolism may lead
to adverse changes in menstrual cycle regu-
larity (23).

In present study after performing regres-
sion analysis, there were significant associ-
ation between menstrual disturbances and
shift work, age, age of menarche, BMI, ex-
ercise, work experience, perceived job
stress and job satisfaction.

Similar to our findings some previously
published studies suggested that shift work
may have a prominent role in developing
menstrual disturbances (34-36). A survey
among 776 women working in different
jobs including teachers, office workers,
nurses, factory workers and barmaids was
conducted by Miyauchi et al in Japan. They
observed significant increased incidence of
menstrual irregularities among women
working at night shifts. Also the plasma
concentration of prolactin and melatonin
were significantly lower in nurses working
at night (34). Labyak et al introduced
changes in menstrual function as a possible
marker of shift work intolerance. Also they
found that sleep disturbances may cause
menstrual irregularities among nurses <40
years old (35). Yao et al after conducting a
study on 415 female workers stated that
shift work could increase the risk of pre-
menstrual syndrome in female knitting
workers (36). About associations between
shift work and other studied confounding
variables in our study, although results
were interesting but more specifically stud-
ies are needed.
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Our study had some limitations, this
study was a cross-sectional study but for
investigating a causative relationship cohort
design is better. In other hand it was retro-
spective that could cause recall bias. Also it
was not feasible to predict the exact level of
exposure of every worker to solvents, be-
cause our samplers measured mean concen-
tration of solvents in environment of work
units. Thus, we advocate the use of person-
al samplers for environmental measurement
of organic solvents. We also recommend
conducting a prospective exploratory study
in this field using daily diaries for collect-
ing information.

The results of this study suggests that oc-
cupational exposure to the mixture of or-
ganic solvents (including formaldehyde,
phenol, n-hexane, and chloroform) may be
associated with menstrual disturbances and
hormonal changes in female workers of the
pharmaceutical factory. Also shift work,
age, age of menarche, BMI, exercise, work
experience, perceived job stress and job
satisfaction could be considered as risk fac-
tors of menstrual disturbances. However
further studies are needed to confirm these
findings.

Conclusion
Occupational exposure to the mixture of

organic solvents may be associated with
increased prevalence of menstrual disorders
and hormonal changes in female workers.
Based on our findings, periodic evaluation
of reproductive system of female workers
in pharmaceutical companies is logical.

We declare that we have not any compet-
ing interest.

Acknowledgments
The authors would like to thank Dr John

Cocker for his helpful comments and sug-
gestions about the manuscript.

References
1. Kumar S. Occupational exposure associated

with reproductive dysfunction. J Occup Health
2004; 46:1-19.

2. Attarchi MS, Ashouri M, Labbafinejad Y,
Mohammadi S. Assessment of time to pregnancy
and spontaneous abortion status following
occupational exposure to organic solvents mixture.
Int Arch Occup Environ Health 2012;85:295-303.

3. Figa-Talamanca I. Occupational risk factors and
reproductive health of women. Occup Med (Lond)
2006;56:521-531.

4. Cho SI, Damokosh AI, Ryan LM, Chen D, Hu
YA, Smith TJ, et al. Effects of exposure to organic
solvents on menstrual cycle length. J Occup Environ
Med 2001;43:567-75.

5. Xu X, Cho SI, Sammel M, You L, Cui S, Huang
Y, et al. Association of petrochemical exposure with
spontaneous abortion. Occup Environ Med 1998;
55(1):31-6.

6. Wennborg H, Bodin L, Vainio H, Axelsson G.
Pregnancy outcome of personnel in Swedish
biomedical research laboratories. J Occup Environ
Med 2000;42:438-446.

7. Kim Y, Jung K, Hwang T, Jung G, Kim H, Park
J, et al. Hematopoietic and reproductive hazards of
Korean electronic workers exposed to solvents
containing 2-bromopropane. Scand J Work Environ
Health 1996;22(5):387-91.

8. Mikulandra O, Cala D, Markovic V, Zoric A.
[Exposure to benzene and hematologic changes in
workers at the Ina-Oki Drnisplast factory in Drnis].
Arh Hig Rada Toksikol 1993;44:321-6.

9. Taskinen HK, Kyyrönen P, Sallmén M,
Virtanen SV, Liukkonen TA, Huida O, et al.
Reduced fertility among female wood workers
exposed to formaldehyde. Am J Ind Med 1999;
36:206-12.

10. Gingell R, O'Donoghue J, Staab RJ, et al.
Phenol and Phenolics. Patty's Toxicology: Chicago:
John Wiley &Sons; 2001.

11. Sallmén M, Neto M, Mayan ON. Reduced
fertility among shoe manufacturing workers. Occup
Environ Med 2008;65:518-24.

12. Binks SP. Occupational toxicology and the
control of exposure to pharmaceutical agents at
work. Occup Med 2003;53:363-70.

13. Constable DJC, Jimenez-Gonzalez C,
Henderson RK. Perspective on solvent use in the
pharmaceutical industry. Org Process Res Dev
2007;11:133-7.

14. Ronda E, Garcia AM, Sanchez-Paya J, Moen
BE. Menstrual disorders and subfertility in Spanish
hairdressers. Eur J Obstet Gynecol Reprod Biol
2009;147:61-64.

15. Jukic AM, Weinberg CR, Wilcox AJ,
McConnaughey DR, Hornsby P, Baird DD.
Accuracy of reporting of menstrual cycle length.
Am J Epidemiol 2008;167:25-33.

16. Lawson CC, Whelan EA, Lividoti Hibert EN,
Spiegelman D, Schernhammer ES, Rich-Edwards
JW. Rotating shift work and menstrual cycle
characteristics. Epidemiology 2011;22:305-12.

17. Zhu JL, Hjollund NH, Olsen J. Shift work,

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

                             9 / 10

https://mjiri.iums.ac.ir/article-1-2628-en.html


Effects of organic solvents on menstrual function

10 MJIRI, Vol. 28.156. 27 December 2014http://mjiri.iums.ac.ir

duration of pregnancy, and birth weight: the
National Birth Cohort in Denmark. Am J Obstet
Gynecol 2004;191:285-291.

18. Chung FF, Yao CC, Wan GH. The
associations between menstrual function and life
style/working conditions among nurses in Taiwan. J
Occup Health 2005;47:149-156.

19. Rom WN, Markowitz SB. Environmental and
occupational medicine: USA: Wolters Kluwer/
LippincottWilliams & Wilkins; 2007.

20. Karout N, Hawai SM, Altuwaijri S. Prevalence
and pattern of menstrual disorders among Lebanese
nursing students. East Mediterr Health J 2012;
18(4):346-52.

21. Lindbohm M-L. Effects of parental exposure
to solvents on pregnancy outcome. J Occup Environ
Med 1995;37:908–914.

22. Sallme´n M, Lindbohm M-L, Kyyro¨nen P,
Nykyri E, Anttila A, Taskinen H, et al. Reduced
fertility among women exposed to organic solvents.
Am J Ind Med 1995;27:699–713.

23. Thurston SW, Ryan L, Christiani DC, Snow R,
Carlson J, You L, et al. Petrochemical exposure and
menstrual disturbances. Am J Ind Med 2000;38:555-
564.

24. Chen H, Song L, Wang X, Wang S. [Effect of
exposure to low concentration of benzene and its
analogues on luteal function of female workers].
Wei sheng yan jiu 2000;29:351-3.

25. Pieleszek A. [The effect of carbon disulphide
on menopause, concentration of monoamines,
gonadotropins, estrogens and androgens in women].
Ann Acad Med Stetin 1997;43:255-67.

26. Hsieh GY, Wang JD, Cheng TJ, Chen PC.
Prolonged menstrual cycles in female workers
exposed to ethylene glycol ethers in the
semiconductor manufacturing industry. Occup
Environ Med 2005;62:510-16.

27. Honma S, Suzuki A, Buchanan DL, Katsu Y,
Watanabe H, Iguchi T. Low dose effect of in utero

exposure to bisphenol A and diethylstilbestrol on
female mouse reproduction. Reprod Toxicol
2002;16:117-22.

28. Howdeshell KL, Hotchkiss AK, Thayer KA,
Vandenbergh JG, vom Saal FS. Exposure to
bisphenol A advances puberty. Nature 1999;
401(6755):763-4.

29. Huiling Huang, Jin Liu, Fen Pang, Wenchang
Zhang. The impact of n-hexane on the secretion of
mouse estrogen and progesterone. Advances in
Bioscience and Biotechnology 2011; 2: 429-33.

30. Liu J, Huang HL, Pang F, Zhang WC. The
effect of n-hexane on the gonad toxicity of female
mice. Biomed Environ Sci 2012;25(2):189-96.

31. Luderer U, Bushley A, Stover BD, Bremner
WJ, Faustman EM, Takaro TK, et al. Effects of
occupational solvent exposure on reproductive
hormone concentrations and fecundability in men.
Am J Ind Med 2004;46:614-26.

32. Svensson BG, Nise G, Erfurth EM, Nilsson A,
Skerfving S. Hormone status in occupational toluene
exposure. Am J Ind Med 1992;22:99-107.

33. Luderer U, Hieb M, Diaz J, Baker B.
Reproductive and developmental hazard
management guidance: ACOEM Task Force on
Reproductive Toxicology. J Occup Environ Med
2011;53:941-49.

34. Miyauchi F, Nanjo K, Otsuka K. [Effects of
night shift on plasma concentrations of melatonin,
LH, FSH and prolactin, and menstrual irregularity].
Sangyo Igaku 1992;34(6):545-50.

35. Labyak S, Lava S, Turek F, Zee P. Effects of
shiftwork on sleep and menstrual function in nurses.
Health Care Women Int 2002 Sep-Nov;23(6-7):703-
14.

36. Yao SQ, Wu QF, Yang JY, Bai YP, Xu YJ,
Fan XY, et al. [Effect of occupational stress on
menses and sex hormones of female knitting
workers]. Zhonghua Lao Dong Wei Sheng Zhi Ye
Bing Za Zhi 2009;27:716-720.

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
26

-0
6-

25
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://mjiri.iums.ac.ir/article-1-2628-en.html
http://www.tcpdf.org

