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Objectives   The study investigated whether working as a hairdresser has a negative impact on fertility,
measured as time to pregnancy and miscarriage risk.
Methods   Self-administered questionnaires were sent to 5289 Swedish hairdressers (response rate 50%) and to
5299 age-matched women from the general Swedish population (response rate 54%). Information was collected
on time to pregnancy or trying time for women who had tried, but failed, to conceive at the time of the study. The
outcome of the pregnancy was determined and categorized as either miscarriage or stillbirth or live birth. The
hairdressers were compared with the referents with respect to these two outcomes. Within the hairdresser cohort,
the effects of hair treatments, as well as physical workload and stress were investigated.
Results   The hairdressers were less successful than the reference cohort in conceiving (fecundability ratio 0.91,
95% confidence interval 0.83–0.99). The effect was reduced after first-month conceptions were excluded, the
indication being that the effect may be the result of birth control bias. Within the hairdresser cohort, a self-
perceived stressful work situation seemed to prolong the time to pregnancy. No effects were found for the
different chemical hair treatments. There was no cohort difference with respect to miscarriage risk (odds ratio
1.12, 95% confidence interval 0.88–1.42), but miscarriage risks were increased for most of the hair treatments
and for self-perceived stressful work situations. However, none of these effects were statistically significant.
Conclusions   The present study indicates a negative impact on time to pregnancy and miscarriage risk for
working as a hairdresser.¨
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Hairdressers are exposed on a daily basis to several
chemical substances that may be hazardous to reproduc-
tion. Some animal studies support reproductive toxic
effects for dyes containing agents such as 2,5-diamino-
toluene and phenylenediamines (1–4), and for dibutyl-
phthalate, which is used in hair spray (5–7).

In addition to different chemical exposures, hair-
dressers may be exposed to several other factors that are
possibly unfavorable for reproduction, including work
in a standing position (8–10) and a stressful work situa-
tion (11–15). Nevertheless, so far only a few studies on
reproductive outcomes among hairdressers have been
carried out (16). The results from these studies indicate
an increased risk for menstrual disorders (17) and

spontaneous abortions (18–20), as well as an increased
risk for low birthweight (20–22), fetal growth retarda-
tion (21, 22), and malformations (20, 21) among infants
born to exposed women.

Given the number of hazardous factors in the work
environment of hairdressers and the results already
found, it is of interest to investigate further the repro-
ductive effects among these women. Time to pregnan-
cy is a sensitive measure of a couple’s fertility (23, 24),
which has not yet been used in assessing reproductive
health risks among hairdressers. The aim of this study
was to investigate whether working as a hairdresser in-
creases the time to pregnancy for wanted pregnancies
or the risk of miscarriages.
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Study population and methods

Study population and questionnaire

In 1996, a cohort of women who had graduated from
any of the 29 Swedish vocational schools for hairdress-
ers between 1970 and 1995 and who were born in 1946
or later was established (25). For comparisons, a refer-
ence cohort of women from the Swedish general popu-
lation was created. The referents were frequency
matched to the hairdressers by calendar year of birth,
but they were otherwise randomly selected. In 2000, the
subgroups, consisting of the women in the original co-
horts who were born in 1960 or later, were invited to
the current study (73% of the hairdressers and 72% of
the referents). Although the women who graduated from
vocational schools for hairdressers were not necessari-
ly working as hairdressers in 2000, we henceforth refer

to the groups of women born in 1960 or later as the hair-
dresser cohort and the reference cohort.

Self-administered questionnaires regarding time to
pregnancy and pregnancy outcome were sent by mail
to the women in the hairdresser (N=5289) (figure 1) and
reference (N=5299) cohorts. The questionnaires were
designed in such a way that factors that applied to preg-
nancy in general (eg, use of oral contraceptives prior to
trying to conceive) were asked about only once and re-
lated to the time prior to when the woman started her
attempts to become pregnant. Other factors that may
change over time (such as smoking habits, but also in-
cluding occupational exposure specific to hairdressers)
were determined for each 3-month period during the
year prior to conception and for each trimester during
the pregnancy. From the women who never succeeded
in conceiving, or were currently trying to conceive,

Figure 1. Women included in a study on reproductive outcomes among hairdressers. Due to missing information in some of the questionnaires,
the numbers do not always add up to 100%.
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information was collected for the period during which
they tried to conceive. It was not specified if the an-
swers should relate to the beginning or end of this peri-
od.

The response rates to the questionnaire were 50%
(N=2626) and 54% (N=2860) for the hairdressers and
referents, respectively (figure 1).

Outcome variables

The main outcome variable, time to pregnancy for the
first planned pregnancy, was assessed by the following
line of questions: “Did you become pregnant the first
month of trying? If not, did you become pregnant the
second month of trying? If not, in which month did you
become pregnant?” With this method of inquiring about
time to pregnancy, the uncertainty concerning women
who conceived in their first cycle was reduced (26).
However, it may have introduced other sources of er-
ror. For example, 14 hairdressers and 12 referents
checked the “no” boxes for achieving pregnancy in the
first or second month, but did not provide a time to preg-
nancy. The median recall time for time to pregnancy was
7 [1 (2.5 percentile) – 18 (97.5 percentile)] years.

The women who had never been pregnant were
asked if they were, or at some point had been, trying to
conceive, and, if so, for how long. These trying-times
were included in the time to pregnancy analyses as cen-
sored times to pregnancy.

Miscarriage risk was used as a secondary outcome.
For the women who had had at least one planned preg-
nancy, the outcome of the first planned pregnancy was
established and classified as miscarriage, stillbirth or
live birth (including multiple birth); at the same time,
induced abortions (8 in each cohort), extra-uterine preg-
nancies (10 hairdressers and 8 referents), and pregnan-
cies that were still ongoing when the women answered
the questionnaire (87 hairdressers and 65 referents) were
excluded.

In the analyses of time to pregnancy, 1678 hairdress-
ers and 1578 referents were included (figure 1), where-
as 1456 hairdressers and 1380 referents were included
in the miscarriage analyses.

Exposure variables

The hairdresser cohort was compared with the reference
cohort in an evaluation of the possible reproductive
health risks of working as a hairdresser. In the main co-
hort comparisons, no concern was given to working sta-
tus (hairdresser, other work, unemployed). However, as
already stated, some of the women in the hairdresser
cohort did not necessarily work as a hairdresser when
they were trying to conceive. Nevertheless, questions on

job title (for gainfully employed women only) and hair-
dresser work during the time when the woman tried to
conceive made it possible to establish a subcohort of
women who, with certainty, were exposed before and
during their pregnancies. These women represented ap-
proximately 60% (N=1534) of the women in the total
hairdresser cohort. Of the remaining 40%, only a fourth
had claimed not to have been working as a hairdresser
prior to or during the pregnancy. For the other women,
information was missing on whether they were work-
ing as a hairdresser during the relevant time periods, ei-
ther because they were not gainfully employed during
this period or they chose not to answer this question.
Among the 1534 women with certain hairdresser ex-
posure, 1418 had provided information on time to
pregnancy and 1256 on pregnancy outcome (figure
1).

Within the hairdresser cohort, numbers of treatments
of permanent waving, hair bleaching, oxidative hair-
coloring formulations, direct-reacting hair-coloring for-
mulations (supertones), and direct nonreactive hair-
coloring formulations (mousse, tones), as well as the use
of hair spray, were considered as measures of exposure,
as was the number of hours working in a standing posi-
tion, a self-perceived stressful work situation, and self-
employment (compared with being employed).

Potential confounders

The distributions of potential confounders for time to
pregnancy are presented for the hairdressers and refer-
ents in table 1.

Menstrual cycle length was available only for the
women who actually became pregnant, who were asked
about their normal menstrual cycle length prior to the
pregnancy. A small fraction of the women (3% of the
hairdressers and 4% of the referents) claimed to have
very short menstrual cycles (<14 days). It was assumed
that these women had mistaken menstrual cycle length
for menses duration, and their menstrual cycle length
was set as missing.

All of the women were asked if they used any med-
ication, vitamins, or food supplements regularly prior
to or during pregnancy, and, if so, what product(s). A
physician went through the list of product names and
classified them as either medication or vitamin, miner-
al, or iron supplements. Unfortunately, it was not pos-
sible to make a distinction between use of medication
and vitamins prior to and during the pregnancy.

After conception, the frequency of smokers was re-
duced in both the hairdresser (N=206, ie, reduced to
18%) and reference (N=203, ie, reduced to 19%) co-
horts, as was the frequency of women who consumed
alcohol [90 hairdressers (ie, reduced to 8%), 97 referents
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(ie, reduced to 9%)]. The other factors were similar to
the corresponding prepregnancy factors (data not
shown).

Potential effect modifiers

The hairdressers were asked about the ventilation in the
salon where they were working prior to and during their
pregnancy or when they were trying to conceive. Spe-
cifically, they were asked about passive ventilation and
the absence–presence of general ventilation and local
exhaust ventilation. The different ventilation methods
were grouped so that no ventilation or passive ventila-
tion only was regarded as low ventilation, the presence
of either general or local exhaust ventilation was regard-
ed as medium ventilation, and the presence of both gen-
eral and local exhaust ventilation was regarded as high
ventilation (if either general or local exhaust ventilation
was present, passive ventilation was disregarded). All
of the results concerning hair treatments were stratified
on the level of ventilation that was used in the salon.

Nonrespondents and missing information

The date of birth was known for all of the women who
received the questionnaire, and it was found that the re-
spondents and nonrespondents to the questionnaire did
not differ in age (median year of birth 1969 for both
the hairdressers and the referents). Data from the Swed-
ish Medical Birth Registry was available for all of the
women who gave birth between 1973 and 1994, which
made it possible to compare the nonrespondents with
the respondents with respect to several reproductive out-
comes. Note that the information from the Medical Birth
Registry was not used in any of the other analyses.
Among the nonrespondents, there were slightly more
women included in the Medical Birth Registry than
among the respondents (40% versus 37% of the hair-
dressers and 38% versus 35% of the referents). The
smoking habits of the women were not recorded in the
Medical Birth Registry until 1982. Among the women
who gave birth after this date, there was a lower frac-
tion of nonsmokers among the nonrespondents than
among the respondents (66% versus 74% among the

Table 1. Potential confounders for the 1678 hairdressers and 1578 referents included in a study on the effect of work as a hairdresser
on time to pregnancy.

Hairdressers Referents

N % Median 95% range N % Median 95% range

Age when included in study (years) · · 32 24–39 · · 33 23–39

Age at first menstruation (years) · · 13 10–15 · · 13 10–16

Education

Elementary school (9 years) 34 2 · · 146 9 · ·
High school 1490 90 · · 884 57 · ·
College or university 131 8 533 34 · ·

Age at conception (years) 25 19–34 · · 25 19–34

When starting to attempt pregnancy

Length of menstrual cycle (days) a 28 23–36 · · 28 23–35
Oral contraceptives as last contraceptive method 1167 74 · · 969 67 · ·
Nulliparous 1258 79 · · 1081 73 · ·
Heavy lifts 388 29 · · 664 52 · ·
Employment

Full-time employment 607 43 · · 943 68 · ·
Part-time employment 125 9 · · 240 16 · ·
Self-employed 577 41 · · 31 2 · ·
Housewife 11 1 · · 36 2 · ·
Student 50 4 · · 105 6 · ·
Unemployed 18 1 · · 56 4 · ·
Other 13 1 · · 29 2 · ·

Irregular workhours b 251 21 · · 509 45 · ·
Nightshift b 18 2 · · 86 8 · ·
Workplace smoking b 468 39 · · 355 34 · ·
Smoking (cigarettes/day for smokers) 408 30 10 2–20 348 27 10 2–20
Partner’s smoking (cigarettes/day for smokers) 260 20 15 2–30 248 20 15 3–30
Alcohol consumption (yes) 846 62 · · 720 57 · ·
Partner’s alcohol consumption (yes) 1050 81 · · 875 73 · ·
Use medication regularly c 96 6 · · 127 8 · ·
Taking vitamins, minerals or iron supplements c 401 24 · · 318 20 · ·

a Excluding women with menstrual cycles 14 days or shorter.
b Only among those employed or self-employed.
c Information only available for the entire period from the year before conception to delivery.
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hairdressers and 63% versus 74% among the refer-
ents).

Statistics

Information on exposure, potential confounders, and
effect modifiers was collected. For the women whose
time to pregnancy was shorter than 12 months, the in-
formation corresponding to the time when they started
their attempts to become pregnant was used. For wom-
en whose time to pregnancy was longer than 12 months,
the information concerning the 10th to 12th months prior
to conception was used. For the women who were cen-
sored at 2 months, the information concerning the 3
months prior to conception was used, since we did not
know the exact time to pregnancy. In the miscarriage
analyses, the information concerning the first trimester
of the pregnancy was used.

For each of the specific hairdresser exposures, the
hairdresser cohort was split into two subgroups—those
who had exposure below the median and those who had
exposure equal to or above the median. These two sub-
groups were compared with the reference cohort. Since
it is fair to assume that the level of ventilation in the
salon affects the exposure levels, analyses were also car-
ried out that included only hairdressers with no or low
ventilation.

All of the data were analyzed using SPSS (SPSS Inc,
Chicago, IL, USA).

A logistic regression of the survival data was car-
ried out to estimate the effects of the cohort affiliation
and hairdresser exposure on time to pregnancy. The ra-
tionale for using the logistic regression model comes
from the discrete linear logistic model (27), which is
applicable when survival time is discrete (28). For each
comparison, a fecundability ratio was calculated from
the odds ratio (OR) of each time interval (1–1.9, 2–2.9,
etc). The model assumption that odds ratios are similar
for each time interval was checked using an interaction
term between time and interval. Fecundability ratios are
similar to effect estimates obtained from an analysis
based on the proportional hazards model when the event
rates are small in each interval and the follow-up peri-
od is relatively short (28). Note that since the fecunda-
bility ratio measures positive events (wanted pregnan-
cies), a value of less than one indicates a prolonged time
to pregnancy as compared with that of the reference
group.

To avoid interference from medical treatment for
infertility (24), we censored time to pregnancy at 12
months (113 hairdressers and 91 referents). Further-
more, time to pregnancy for the women who had cur-
rently (59 hairdressers and 65 referents) or previously
(23 hairdressers and 18 referents) been trying to con-
ceive were censored at 12 months, at the time they filled

out the questionnaire or at the time they stopped trying
to conceive. Moreover, the 14 hairdressers and 12 ref-
erents who had checked the “no” boxes for achieving
pregnancy in the first or second month, but did not give
a time to pregnancy were included in the time-to-preg-
nancy analysis, but censored at 2 months. All of the
women who stated that their pregnancy was a result of
medical treatment (84 hairdressers and 69 referents)
were included in the analysis. For these women, it was
assumed that the time to pregnancy was longer than 12
months even if time to pregnancy was missing, since
this is normally the earliest time point when medical
treatment is introduced. In order to control bias due to
birth control failure (29), we repeated the analyses af-
ter the exclusion of data on first-cycle pregnancies.

Odds ratios calculated using a logistic regression
were used to estimate miscarriage risks.

Multivariate analyses comparing the hairdressers
with the referents were carried out that included the con-
founders in table 1. When selecting confounders for the
multivariate analyses, we used the stepwise method sug-
gested by Greenland (30). Variables were entered into
the model if they changed the effect estimate by ≥10%
and excluded if exclusion changed the effect estimate
by <5%.

Results

Time to pregnancy

The fraction of women who needed more than 12
months to conceive was slightly higher among the hair-
dressers (N=113; 7%) than among the referents (N=91;
6%). When time to pregnancy as a continuous variable
was considered, the hairdressers were less successful in
conceiving than the referents (fecundability ratio = 0.91,
95% confidence interval 0.83–0.99). The median time
to pregnancy was, however, 2 months in both groups
(excluding women who were censored at 2 months; see
the statistics section). The decreased conception rate
seemed in part to be an effect of birth control bias. When
an analysis was carried out with the women who got
pregnant the first month of trying [515 hairdressers
(31%) and 554 referents (36%)] excluded, the differ-
ence between the cohorts was reduced (fecundability
ratio 0.96, 95% CI 0.87–1.07). The results changed less
than 10% when the potential confounders from table 1
were included in the bivariate models. Thus no adjust-
ed effect estimates are presented. When the subcohort
of hairdressers who were exposed with certainty com-
pared with the reference cohort (fecundability ra-
tio=0.95, 95% CI 0.87–1.03), the results were similar
to those found when the entire hairdresser cohort was
compared with the reference cohort.

axmon.pmd 10.2.2006, 15:1955



56 Scand J Work Environ Health 2006, vol 32, no 1

Fertility among female hairdressers

The specific exposure analyses were performed only
for the hairdressers who were exposed with certainty
prior to their pregnancy (N=1418). Due to missing ex-
posure data, the number of women included in the anal-
yses differed slightly (table 2).

On the basis of the results from the cohort compari-
son, it was to be expected that the specific exposure
analyses would also show reduced fecundability. In-
deed, for some of the exposures investigated (setting
permanent waves, oxidative hair-coloring formulations,
direct-reacting hair dyes, working in a standing position,
self-employment, and stressful work situation), there
were indications of a dose–response relation between
exposure and fecundability (table 2). Adjusting for

potential confounders changed the effect estimates by
less than 10%.

Ventilation level was considered as no–low (N=348)
or medium–high (N=754). When the analyses regard-
ing specific exposure were restricted to hairdressers with
no or low ventilation, the effects were slightly larger
than when all the hairdressers were included in the anal-
yses. However, this subgroup was rather small, and
hence the confidence intervals were relatively wide.

Miscarriages

The number of women whose first planned pregnancy
ended in a miscarriage was 157 (11%) in the hairdresser

Table 2. Time to pregnancy for the women working as hairdressers when starting their attempts to conceive. Fecundability ratios for the
women with exposure above or below the median compared with those of the referents from the general population are presented with
their 95% confidence intervals (95% CI).

Exposure All hairdressers Hairdressers with low or no ventilation

Women with Fecunda- 95% CI Women with Fecunda- 95% CI
exposure bility exposure bility

information ratio information ratio
(N) (N)

Setting permanent waves

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (4 treatments/week) 493 0.91 0.80–1.04 146 0.84 0.68–1.05
Above median (4 treatments/week) 581 0.86 0.76–0.97 172 0.83 0.68–1.01

Hair bleaching

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (4 treatments/week) 530 0.88 0.78–0.99 170 0.81 0.66–0.99
Above median (4 treatments/week) 536 0.89 0.79–1.01 142 0.86 0.69–1.07

Oxidative hair-coloring formulations

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (2 treatments/week) 535 0.94 0.83–1.06 169 0.86 0.70–1.05
Above median (2 treatments/week) 522 0.83 0.73–0.94 140 0.83 0.66–1.03

Direct-reacting hair dyes

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (3 treatments/week) 452 0.92 0.80–1.05 146 0.86 0.69–1.07
Above median (3 treatments/week) 585 0.86 0.76–0.96 158 0.82 0.67–1.01

Nonreactive dyes or tones

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (2 treatments/week) 558 0.89 0.79–1.01 170 0.85 0.69–1.03
Above median (2 treatments/week) 431 0.90 0.79–1.03 116 0.95 0.75–1.20

Hair spray

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (30 treatments/week) 472 0.89 0.79–1.02 148 0.81 0.65–1.00
Above median (30 treatments/week) 540 0.87 0.77–0.99 154 0.84 0.68–1.04

Working in a standing position

Referents 1578 1.00 ·· 1578 1.00 ··
Below median (8 hours/day) 334 0.97 0.82–1.15 58 0.97 0.70–1.35
Above median (8 hours/day) 927 0.84 0.76–0.93 249 0.77 0.65–0.91

Self-employment

Referents 1578 1.00 ·· 1578 1.00 ··
Employed hairdressers 732 0.90 0.80–1.01 126 0.86 0.68–1.07
Self-employed hairdressers 577 0.82 0.73–0.93 192 0.77 0.63–0.93

Stressful work situation

Referents 1578 1.00 ·· 1578 1.00 ··
Hairdressers without stress 472 1.00 0.87–1.15 102 0.88 0.68–1.13
Hairdressers with stress 819 0.78 0.70–0.87 205 0.71 0.59–0.86
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cohort and 135 (10%) (OR 1.12, 95% CI 0.88–1.42) in
the reference cohort. The effect estimate changed less
than 10% when the potential confounders were includ-
ed in the bivariate models. Similar results were found
for the subgroup of hairdressers who had hairdresser
exposure with certainty, and when women whose preg-
nancies were not determined by a pregnancy test (21
hairdressers and 19 referents) were excluded (data not
shown).

The analyses of specific exposures were carried out
only with the 1256 hairdressers who were exposed with
certainty during pregnancy. Due to missing exposure
data, the number of women in the different analyses
varied slightly (table 3).

The crude odds ratios indicated dose–response rela-
tions between exposure and miscarriage for setting

permanent waves, hair bleaching, oxidative hair-color-
ing formulations, nonreactive dyes, hair spray, and
working in a standing position (table 3). However, all
of these risks disappeared when adjustment was made
for potential confounders. Hairdressers with a self-per-
ceived stressful work situation were more likely to ex-
perience a miscarriage, but also this risk disappeared
when potential confounders were adjusted for.

Discussion

Our study gives some indications of a prolonged time
to pregnancy among hairdressers when they are com-
pared with women from the general population.

Table 3. Exposure variables and number of first planned pregnancy miscarriages for Swedish women who were working as hairdress-
ers during their first planned pregnancy. The odds ratios (ORs) were adjusted for year of birth, age at conception, performance of heavy
lifts, use of oral contraceptives prior to pregnancy, menstrual cycle length prior to pregnancy, partner’s smoking habits, and workplace
smoking and presented with 95% confidence intervals (95% CI).

Exposure N Crude OR 95% CI Adjusted OR 95% CI

Setting permanent waves

Referents 1381 1.00 ·· 1.00 ··
Below median (4 treatments/week) 419 1.06 0.73–1.52 0.72 0.45–1.17
Above median (4 treatments/week) 487 1.25 0.90–1.73 0.88 0.57–1.37

Hair bleaching

Referents 1381 1.00 ·· 1.00 ··
Below median (4 treatments/week) 458 1.08 0.76–1.53 0.77 0.48–1.21
Above median (4 treatments/week) 441 1.26 0.90–1.77 0.79 0.50–1.24

Oxidative hair-coloring formulations

Referents 1381 1.00 ·· 1.00 ··
Below median (2 treatments/week) 488 1.05 0.75–1.48 0.75 0.48–1.18
Above median (2 treatments/week) 399 1.35 0.96–1.91 0.88 0.56–1.40

Direct-reacting hair dyes

Referents 1381 1.00 ·· 1.00 ··
Below median (3 treatments/week) 396 1.30 0.92–1.85 0.87 0.54–1.40
Above median (3 treatments/week) 474 1.11 0.79–1.56 0.79 0.51–1.23

Nonreactive dyes or tones

Referents 1381 1.00 ·· 1.00 ··
Below median (2 treatments/week) 481 1.14 0.82–1.60 0.74 0.47–1.15
Above median (2 treatments/week) 356 1.23 0.85–1.78 0.95 0.59–1.53

Hair spray

Referents 1381 1.00 ·· 1.00 ··
Below median (30 treatments/week) 417 0.98 0.68–1.42 0.65 0.39–1.07
Above median (30 treatments/week) 438 1.24 0.89–1.75 0.93 0.61–1.43

Working in a standing position

Referents 1381 1.00 ·· 1.00 ··
Below median (8 hours/day) 259 1.03 0.66–1.60 0.69 0.40–1.19
Above median (8 hours/day) 744 1.17 0.88–1.57 0.89 0.61–1.30

Self-employment

Referents 1381 1.00 ·· 1.00 ··
Employed hairdressers 626 1.26 0.93–1.70 0.85 0.57–1.28
Self-employed hairdressers 470 1.07 0.76–1.52 0.78 0.50–1.21

Stressful work situation

Referents 1381 1.00 ·· 1.00 ··
Hairdressers without stress 381 0.73 0.48–1.12 0.57 0.34–0.95
Hairdressers with stress 668 1.46 1.10–1.93 1.01 0.70–1.46
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However, it cannot be ruled out that this, in part, is an
effect of birth control bias. Within the hairdresser co-
hort, a self-perceived stressful work situation, but not
chemical exposure based on the number of hair treat-
ments per week, was found to decrease fertility by
means of prolonging the time to pregnancy.

There was no increased miscarriage risk among the
hairdressers versus women from the general population.
However, within the hairdresser cohort, a self-perceived
stressful work situation indicated an increased risk of
miscarriage. A raised, but not statistically significant,
miscarriage risk was found for most of the hair treat-
ments.

Fertility was measured using time to pregnancy, as
well as frequency of miscarriages. It has been found that
time to pregnancy is a useful tool when reproductive
effects are being assessed (23) and that data can be col-
lected retrospectively (23) by using self-administered
questionnaires (31). A major criticism concerning ret-
rospective time-to-pregnancy studies has been the ex-
clusion of women who never conceived. By asking all
women who had never been pregnant if they had ever
tried to become pregnant, we were able to include wom-
en who had tried to conceive but so far had failed to do
so.

For the women who had yet to become pregnant,
information was collected for the entire period when
they tried to conceive. This period could cover several
years, and thus the quality of these data, and especially
that of the dichotomous variables, may be biased when
compared with that of women whose time to pregnancy
ended in a pregnancy. However, the fraction of women
who had not yet conceived was very low (5% in each
cohort), and the impact on the fecundability estimates
should therefore be slight, at most.

Even though information concerning time to preg-
nancy is probably recalled correctly by the women (23),
the recall concerning work-related factors in the hair-
dresser cohort  was not necessarily as good. A subsam-
ple of the hairdresser cohort had previously been exam-
ined with respect to reliability for self-reported expo-
sure (25). It was found that, if a misclassification was
introduced by the questionnaire, it probably resulted in
underestimations of the effects of specific exposure. A
further concern with respect to exposure classification
is that it is a crude one, based on the number of treat-
ments per week, and no information was collected on
whether the hairdressers were using gloves when apply-
ing chemicals to the customers’ hair. Personal and sta-
tionary measurements in Norwegian hairdresser salons
have shown low mean air concentrations of isopropa-
nol, ethanol, and ammonia, whereas phenylenediamine
and diamionotolouene were nondetectable (32). The ex-
posure level was significantly lower in salons with lo-
cal exhaust ventilation than in those with no ventilation.

It is probable that the conditions have been similar in
Sweden. However, even though almost all hairdressers
in Sweden have used gloves when mixing and applying
hair dyes, not all have used new gloves for every treat-
ment, and only few have used gloves when applying per-
manent waving (Birgitta Meding, personal communica-
tion, 2004). Thus dermal uptake may still have occurred.

Nineteen of the salons were visited by occupational
hygienists, and ventilation velocities were measured. A
comparison with the answers in the self-administered
questionnaire showed that the hairdressers knew if there
was only passive ventilation. However, there was a ten-
dency for the hairdressers in small salons to overesti-
mate the ventilation levels, whereas the hairdressers in
big salons underestimated the ventilation levels. Al-
though this difference may have lead to some misclas-
sification, it was not likely to be associated with the out-
comes time to pregnancy and miscarriage.

In addition to the use of chemical treatments and
work in a standing position, we examined self-employ-
ment and a self-perceived stressful working situation.
With respect to self-employment, the risk of misclassi-
fication should be minimal. However, a self-perceived
stressful work situation was determined by the use of a
single yes–no question and, therefore, must be consid-
ered as a very crude measure of stress.

The response rate to the questionnaire was rather
low. However, we had substantial information regard-
ing both the reproductive and lifestyle factors of the
nonrespondents to enable satisfactory nonrespondent
analyses. The results from these analyses speak against
any sizeable selection bias due to none or only small
differences in the occurrence of potential confounders.
Moreover, the minor discrepancies between the re-
spondents and nonrespondents were nondifferential be-
tween the hairdressers and the referents.

When miscarriage risk was assessed, the informa-
tion related to the first trimester of pregnancy was used.
The reason for using this variable, rather than a long-
term exposure, was the a priori idea that miscarriages
related to hairdresser exposure would be the result of
an effect on the fetus, rather than, for example, dam-
aged ovarian function. Furthermore, available data do
not support long-term biological half-times for the po-
tential hazardous chemicals in the hairdresser work en-
vironment.

We chose to use women from the general Swedish
population as the reference group. This choice may have
resulted in some of the referents being exposed to oth-
er, to us unknown, reproductive hazards in worklife.
Indeed, some of the referents may have been exposed
to chemicals and work conditions that were similar to
those of the hairdressers. This possibility is unavoida-
ble when the general population is used as a compari-
son group and may lead to the true risk differences
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being attenuated. On the other hand, selecting “unex-
posed groups” from the general population for compar-
isons may result in uncontrolled bias from differences
in socioeconomic and lifestyle factors.

When all pregnancies (first month conceptions also)
were included, there was approximately a 10% less
chance of a hairdresser conceiving than the referents
each month (fecundability ratio 0.91). The analyses car-
ried out within the reference cohort (33), which was a
representative sample of Swedish women, found that
this effect on fertility is of the same magnitude as, for
example, the effect of smoking (yes; no) (fecundability
ratio 0.93) or ageing 2 years (fecundability ratio 0.90).

To not be able to conceive can, in itself, cause stress.
Therefore, when the effect of stress on fertility is in-
vestigated, it is difficult to determine whether stress has
led to decreased fertility, or, in fact, the decreased fer-
tility is the cause of the stress. In our current study we
assessed stress as a self-perceived stressful work situa-
tion, which should not have been affected by a possible
failure to conceive.

It has been suggested that a possible association be-
tween stress and reproductive outcomes, specifically
miscarriages, relates to the fact that women who expe-
rience high levels of stress are more likely to be smok-
ers (34). In the hairdresser cohort, the fraction of wom-
en who reported a stressful work situation was similar
between the nonsmokers (64%) and smokers (66%).

The results from the analyses of time to pregnancy
in our study are consistent with those of a previous study
on hairdressers, in which an increased risk for subfer-
tility (time to pregnancy >12 months) was found (20).
The results regarding chemical exposure and miscar-
riage risk lend some support to the results of previous
studies in which an increased risk of miscarriages was
found for hairdressers and cosmetologists (18, 20).

Our study gives some indication of a prolonged time
to pregnancy among hairdressers, which could possibly
be explained by the fact that these women experience a
very stressful work situation. There was no strong sup-
port for the hypothesis that the chemicals handled by
hairdressers affect time to pregnancy. No increased mis-
carriage risk was found for the hairdressers when they
were compared with the referents. However, the mis-
carriage risks were increased for most of the hair treat-
ments, as well as for self-perceived stressful work situ-
ation, although none of the effects were statistically sig-
nificant.
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