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Abstract
Background: Some synthetic dyes used mainly in textile industries have been associated with endocrine disruption, resulting in 
infertility, among other disorders. It is unknown if  occupational exposure to Vat textile dyes among premenopausal dyers alters 
hormonal levels.
Objectives: We aimed at determining the probable effects of  occupational exposure to Vat dyes on reproductive hormones of  
female textile dyers in the follicular and luteal phases while relating this to age categories and duration of  exposure.
Methods: Thirty-three premenopausal Vat textile dyers at “Itoku”, Abeokuta, Nigeria, among a population of  about 80 female 
dyers were age and sex-matched with 55 non-exposed (control) female participants. Using semi-structured questionnaires, so-
cio-demographic, occupational details and the LMP of  participants were obtained. Serum samples were collected in follicular 
and luteal phases and assayed for female sex hormones using Enzyme Immunoassay. Mann-Whitney U and Z- statistic were used 
for comparison of  the two groups. P-value < 0.05 was considered to be significant.
Results: In the follicular phase, the result showed a lower mean FSH ranking (in age category ≤20 years) and higher (p<0.05) 
Estradiol ranking (in age category 31-40 years) in the exposed than the unexposed. Mean ranks of  Progesterone and Estradiol in 
the luteal phase (age category 31-40 years) were higher (p<0.05) in the exposed, while Estradiol (age category ≥41years) ranked 
lower (p<0.05). Prolactin demonstrated a significant inverse relationship with the duration of  exposure.
Conclusion: Occupational exposure to Vat dye among female dyers in Abeokuta is associated with some sex hormone disrup-
tion which appears to be age and duration of  exposure-related.
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Introduction
The local textile dyeing in Abeokuta, South West of  Ni-
geria, otherwise known as “Adire and Kampala” making, 
has been practised from time immemorial as an indige-
nous and economically viable business that serves as an 
essential hub for economic engagement and a credible 

source of  local and possibly foreign exchange earnings. 
The business essentially involves the use of  Vat dyes; 
these are anthraquinone and indigo-based dyes with car-
bonyl functional group1. Other countries known for the 
production or utilization of  vat dyes include China and 
Pakistan 2,3. In actual fact textile industry play a key role in 
the economy of  most countries 3.
A good proportion of  the workforce is considerably 
formed by the growing number of  women of  reproduc-
tive age. Mounting concerns abound on the negative im-
pact of  variable and continuous quantum of  exposure 
to Vat dyes among these women, particularly those of  
reproductive age. Similarly, the absence of  data on this 
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peculiar mode of  indigenous textile dyeing among the lo-
cals appears compelling.
In his study of  Knowledge, Attitude and Practices, among 
dye workers in Abeokuta, Akintayo 4. reported that work-
ers spend an average of  nine hours per day and eleven 
months per year, and only a few of  the workers use per-
sonal protective equipment such as fit for the skin, thus 
showing the likelihood of  exposure to the adverse effects 
of  these Vat dyes.

Some textile dyes have been shown to be harmful to 
female reproductive health through the mechanism of  
endocrine disruption 5. Female textile dye exposure has 
been associated with infertility 6. Similarly, the same was 
observed in male mice 7. Furthermore, lac dye, a food 
dye, was also reported to demonstrate adverse reproduc-
tive effects in mice 8. Hair dye was another type of  dye 
with such a report. Nagata et al. 9 observed an association 
between the long-term use of  hair dye and the increase in 
fasting testosterone levels in premenopausal women. In 
the same population, higher free and total Estradiol levels 
were marginally and significantly associated with a greater 
frequency of  applying non-permanent hair dyes.

A decade before this, however, in their review, Nohynek 
et al. 10 did not report any adverse human reproductive 
effects in consumer or occupational hair dye exposure. 
Reproductive hormonal imbalance is a common cause of  
female infertility, a social problem affecting 10 to 15% of  
married couples 11. Among this population of  dye work-
ers, the prevalence of  infertility was reported to be 40.5% 
12. It is unknown if  there are altered hormone levels 
among premenopausal women engaging in dye work in 
Abeokuta, Nigeria. Also, hormonal levels can be affected 
by age and have been related to the duration of  exposure 
to chemicals or occupations 13,14. Furthermore, it can be 
studied in both the follicular and luteal phases.
This study was therefore designed to determine the pos-
sible effects of  Vat dyes on the reproductive hormone 
profile of  textile workers of  various age categories in the 
follicular and luteal phases and to evaluate the association 
of  the effects with duration of  exposure

Materials and methods
Study design.
This study took place at “Itoku” market, Abeokuta, 
Southwest, Nigeria (as earlier described by Soyinka et al.15. 
Using convenient sampling technique, the total popula-

tion of  female vat textile dye workers was considered, at 
the time of  the study, only 80 female indigenous dyers 
were registered with the association of  textile dyers in this 
small-scale industry.  A meeting was held with the dyers 
where the aim and objectives of  the study were described.

It was a cohort study and retrospective in nature, as the 
dyers had been exposed before the start of  this study. 
They were 33 female Vat textile dye workers who served 
as the exposed group. They were age and sex-matched 
with 55 non-exposed female participants who served as 
the control group. Exposed subjects that were included 
in the study were non-pregnant, non-lactating, and with-
in reproductive age (between 16 and 49years), and had 
not, in the past three (3) months breastfed. Those includ-
ed among the exposed group were dyers with two years’ 
minimum duration of  exposure within the dyeing com-
munity. Excluded from the study were amenorrheic sub-
jects, contraceptive users, those who could not be traced 
to the location of  dyeing, those who were not available 
for blood sampling, and textile dyers who only worked 
with indigo dyes and not anthraquinone-based dyes.

The participants were classified into four different age 
groups: ≤20 years (or early reproductive age), 21-30 (mid 
reproductive age), 31-40 (late reproductive age) and ≥41 
years (perimenopausal age). Ethical approval was received 
from the Scientific and Ethical Review Committee of  
Olabisi Onabanjo University Teaching Hospital, Sagamu, 
Ogun State.

The control group
The control group consisted of  55 female participants 
who had no prior or current exposure to textile dyes ei-
ther through occupational or non-occupationally means. 
They were mostly hospital attendants from the State 
Hospital, “Ijaiye”, Abeokuta and “Egba Medical Centre”, 
“Isabo”, Abeokuta. Others included Staff  of  a group of  
schools, also in Abeokuta.

Data collection
Tools used for data collection included the following:
Questionnaires: The socio-demographic and occupa-
tional details were captured using an interviewer-adminis-
tered questionnaire.
Bathroom scale and meter rule: bathroom scale (Han-
son, China) and meter rule were used to measure weight 
(Kg) and height (cm) respectively as described by Soyinka 
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et al. 12. Body mass index was calculated from body weight 
in (Kg) divided by height (m) squared.
BMI=weight (Kg)/height (m2).

Blood sampling and techniques
Two sets of  blood samples were collected from the par-
ticipants.  Sampling time was arrived at by using a small 
handy calendar given to each dye worker to report her 
last menstrual period (LMP, 1st day of  bleeding during a 
particular menstrual period). The follicular phase blood 
sample was collected between the 5th and 10th day of  the 
menstrual cycle, while that of  the luteal was collected be-
tween the 19th and 21st day. The specific day of  collection 
was dependent on agreement between the principal In-
vestigator and the dye worker. Detail of  menstrual cycle, 
regularity and others have earlier been reported 15.

The blood samples were allowed to clot and centrifuged 
at 700 x g for 5 minutes i. The serum samples were sepa-
rated from the red cells, and each subject’s sample was put 
in three aliquots and transported in ice bags to the former 
Centre for Research in Reproductive (CRRH), Sagamu, 
Ogun State, Nigeria, where they were stored at -20oC be-
fore the various analyses at the same centre.

Biochemical assays
Biochemical assays were performed by Enzyme Immu-
noassay (EIA) methods using kits from Immunometrics, 
United Kingdom. The procedures for the assays were 

carried out according to the instructions in the manual 
in the kits. The optical density (OD) of  the samples were 
read on Serozyme 1 from Serono Diagnostic USA.

Statistical analyses
The Statistical Package for the Social Sciences (SPSS), 
version 16.0, was initially used for data input and analysis; 
however, version 20 was utilized for the final analyses. 
Z- statistics was used to compare the means between two 
groups of  continuous variables for normally distributed 
data. Non-parametric analyses were used where the data 
were observed to be skewed (not normally distributed): 
Mann-Whitney U for comparison of  two independent 
groups (the output being mean rank), and Spearman rank 
correlation was used to determine relationships between 
quantitative variables. Results were expressed as means 
± (SD) for unskewed and mean rank for skewed data. P 
values < 0.05 were considered significant.
 
Results 
The mean age and the BMI of  the female dye workers 
were 28.48±8.39 (ranging between 16 and 49 years) and 
23.95±5.00 (17.58 and 42.22), while that of  the exposed 
were 31.33 ± 8.79 (ranging between 17 and 48 years) 
and 25.28 ± 4.55 (16.44 and 34.37), respectively. There 
were no significant differences P>0.05 between the two 
groups. 
The mean job duration of  the exposed was 10.29±8.23 
(ranging between 2 and 50 years).

Table 1: Age, BMI and job duration of vat dye workers and the unexposed participants. 

Parameter Exposed n=33 Unexposed n=55 Z P-value 
        
Age 28.48±8.39 

  
31.33 ±8.79 
  

1.49 0.136 

BMI 23.95±5.00 
  

25.28 ±4.55 
  

1.21 0.226 

Job Duration 10.29±8.23 NA. NA. NA       
              NA= Not applicable; BMI = Body Mass Index, Z= Z-test, P= P-value, n=sample no 
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Table 2: Serum hormones in the follicular phase of menstrual cycle  
of the female vat dye exposed workers and the unexposed. 

Sex Hormones            Mean Rank Z-value P-value 
  Exposed Unexposed     

LH (IU/L) 49.20 41.68 1.34 0.180 

FSH (IU/L) 34.30 50.62 2.91 0.004* 

Prolactin (mIU/L) 44.65 44.53 0.01 0.992 

Progesterone nmol/L 51.06 40.56 1.65 0.099 

Estradiol nmol/L 49.70 40.52 1.87 0.061 

LH= Luteinizing hormone, FSH =Follicle Stimulating hormone. *Statistically significant 

value; p<0.05 is significant, P= probability, Z = test statistics. 

 

The population distribution was asymmetrical, hence non-parametric test was applied. Comparisons between the 
mean ranks of  the exposed and the unexposed group are shown in table 2 above. Only FSH was found to be signifi-
cantly lower in the exposed group. (P<0.05).

Table 3: Serum hormones in the luteal phase of menstrual  
cycle of vat dye exposed workers and the unexposed. 

Sex Hormone   Mean Rank Z-value P-value 

    Exposed          Unexposed     

LH (IU/L)   48.05 30.25 1.60 0.11 

FSH (IU/L)   37.48 47.06 1.73 0.08 

Prolactin (mIU/L)   42.06 45.13 0.55 0.58 

Progesterone nmol/L   47.64 41.88 0.11 0.91 

Estradiol nmol/L   43.11 43.73 0.22 0.82 

 
LH= luteinizing hormone, FSH=Follicle stimulating hormone; Results are expressed as mean rank; n=number of  
subjects used; P= probability; Z= test statistics
As shown in Table 3 above is a comparison of  the mean rank of  the exposed and the unexposed group. No significant 
differences in the mean ranks of  the two groups.  
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Table 4: Comparison of the mean rank of the follicular hormone levels 
 of the dye exposed workers with the control in various age categories. 

Age category 
(years) 

Sex Hormones Mean Rank Z-value P-value 

    Exposed Unexposed     
≤20   (n=8) (n=8)     
  LH (IU/L) 9.31 7.69 0.69 0.49 
  FSH (IU/L) 5.50 11.50 2.53 0.01* 
  Prolactin (mIU/L) 9.94 7.06 1.23 0.22 
  Progesterone nmol/L 9.44 7.56 0.80 0.43 
  Estradiol nmol/L 7.56 9.44 0.79 0.43 
21-30   n=13 n=19     
  LH (IU/L) 17.38 15.89 0.44 0.66 
  FSH (IU/L) 13.42 18.61 1.54 0.12 
  Prolactin (mIU/L) 15.54 17.16 0.49 0.93 
  Progesterone nmol/L 19.38 14.53 1.44 0.15 
  Estradiol nmol/L 19.23 13.67 1.68 0.54 
31-40   n=10 n=18     
  LH (IU/L) 15.85 13.75 0.65 0.52 
  FSH (IU/L) 12.75 15.47 0.84 0.40 
  Prolactin (mIU/L) 16.15 13.58 0.80 0.43 
  Progesterone nmol/L 13.85 14.86 0.31 0.76 
  Estradiol nmol/L 19.20 11.89 2.25 0.02* 
≥41   n=2 n=12     
  LH (IU/L) 7.00 6.40 0.22 0.83 
  FSH (IU/L) 7.50 6.30 0.43 0.67 
  Prolactin (mIU/L) 2.25 7.35 1.86 0.06 
  Progesterone nmol/L 10.75 5.65 1.84 0.07 
  Estradiol nmol/L 5.00 6.80 0.65 0.52 
  LH= luteinizing hormone, FSH =Follicle stimulating hormone; n =number of 

subjects used; p= probability; Z-test statistics; *Statistically significant value; 
P≤0.05 is significant. 
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Table 5: Luteal phase hormone levels of the female vat dye exposed 
 workers and the unexposed in various age categories. 

Age category Sex Hormones  Mean Rank Z-value P-value 
(Years)   Exposed Unexposed     
≤20 
  

  (n=8) (n=8)     

  LH (IU/L) 7.00 8.88 0.81 0.42 
  FSH (IU/L) 6.07 9.69 1.57 0.12 
  Prolactin (mIU/L) 9.71 6.50 1.39 0.17 
  Progesterone nmol/L 8.21 7.81 0.17 0.86 
  Estradiol nmol/L 6.86 9.00 0.93 0.36 
21-30 
  

  n=14 n=19     

  LH (IU/L) 17.04 16.13 0.23 0.79 
  FSH (IU/L) 15.15 17.42 0.67 0.50 
  Prolactin (mIU/L) 16.15 16.74 0.17 0.86 
  Progesterone nmol/L 16.11 17.66 0.19 0.85 
  Estradiol nmol/L 16.12 16.76 0.54 0.59 
31-40   n=10 n=18     
  LH (IU/L) 16.00 11.31 1.55 0.12 
  FSH (IU/L) 11.61 14.50 0.92 0.35 
  Prolactin (mIU/L) 11.94 15.03 0.96 0.34 
  Progesterone nmol/L 19.44 11.28 2.27 0.02* 
  Estradiol nmol/L 19.67 11.17 2.52 0.01* 
≥41 
  

  n=2 n=10     

  LH (IU/L) 11.00 5.50 1.59 0.11 
  FSH (IU/L) 6.50 6.50 0.00 1.00 
  Prolactin (mIU/L) 2.25 7.35 1.86 0.06 
  Progesterone nmol/L 2.50 7.30 1.72 0.09 
  Estradiol nmol/L 1.50 7.50 2.15 0.03* 
  LH= luteinizing hormone, FSH =Follicle stimulating hormone; n =number 

of subjects used; p= probability; Z-test statistics; *Statistically significant 
value; P<0.05 is significant 
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Table 6: Correlation studies of length of time in occupation and  
sex hormone levels in female dye-exposed population. 

  Sex Hormone R P-value 
Female follicular 
(n=20) 

      

  LH 0.05 0.77 
  FSH 0.12 0.51 
  Prolactin -0.45 0.01* 
  Progesterone -0.12 0.52 
  Estradiol 0.09 0.63 
Female luteal (n=39)       
  LH 0.11 0.55 
  FSH 0.07 0.70 
  Prolactin -0.42 0.02* 
  Progesterone -0.35 0.05 
  Estradiol                  0.20 0.28 

r= correlation coefficient; p= probability; * represents significant values at p≤ 0.05 
 

Discussion
Human exposure to chemicals has been documented to 
affect female hormone function 16,17. These chemicals, via 
occupational or environmental exposure, act as reproduc-
tive toxins 17, 18, causing reproductive dysfunction through 
disruption of  the hormonal balance, which is important 
for proper functioning 16, 19. Disruption of  the hypotha-
lamic-pituitary-gonadal axis via altered secretion of  hypo-
thalamic GnRH, for the control of  gonadotropins (LH 
and FSH) pulsatile secretion from the anterior pituitary 
has been documented 20. Changes with the adverse repro-
ductive consequence in the gonadal steroids’ metabolism 
via cytochrome P450 gene families have been linked with 
chemicals acting as reproductive toxins 20. As a result, 
ovulation disturbance and thus fertility disorders occur 
when there is hormonal imbalance (HI) in females 16,21. 
Several textile dyes have been reported to be potential 
endocrine disruptors 5, 22. This study, therefore, was set up 
to examine the likely effects of  occupational exposure to 
Vat dyes on the reproductive hormone profile of  female 
textile dye workers of  various age categories in both fol-
licular and luteal phases of  their menstrual cycles, since 
hormonal level varies within the menstrual cycle and ex-
posures may cause a change in levels at a certain time of  
the menstrual cycle 23,24,25. This was done by comparing 
hormonal levels in the dyers with age and sex-matched 
unexposed participants. The relationship between levels 

LH =luteinizing hormone, FSH = Follicle stimulating hormone.

of  reproductive hormone and duration of  exposure to 
Vat dyes was also determined 26.
In the follicular phase of  the menstrual cycle of  women 
exposed to textile dyes, we observed alteration only in 
the level of  FSH. This reduced level, could be a result of  
reduced synthesis in the anterior pituitary gland, which 
is modulated by a gonadotropin-releasing hormone from 
the hypothalamus. This could not be ascertained because 
we did not measure the levels of  GnRH. Another likely 
reason for a lower level of  FSH was negative feedback 
from the target organ (Ovary). This is unlikely, as the lev-
els of  Estradiol and Progesterone (products of  the ovary) 
remain unchanged in this phase. Our result is similar to 
that of  Zemlianova 27. He reported a lower level of  FSH 
among female dye workers. FSH stimulates the develop-
ment of  ovarian follicles in females. With significantly low 
FSH, as observed in this study, there is a likelihood of  
impairment in follicular development, which could lead 
to ovulation failure and infertility, as reported by Ragaa et 
al. 22 in their study of  effects of  reactive dyes on Nile Ti-
lapia (Oreochromis Niloticus). Soyinka et al. 12, however, did 
not report a significant increased prevalence of  infertility 
among these textile dyers compared with the control.

This study extended to looking at the effects of  age on 
the hormonal levels of  women occupationally exposed 
to textile dyes. When the women were categorized into 
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various age categories, as shown in Table 4 it was ob-
served that the reduction in the level of  FSH was at the 
lowest age category (≤20) years. It might be said that this 
was not sufficiently reduced to affect the target hormones 
because no alteration was seen in the Estradiol as well as 
the Progesterone. Furthermore, we observed an increase 
in the Estradiol level in the age category 31-40 years. The 
same was seen in the luteal phase, as shown in Table 5 
and in this same age category. In addition, Progesterone 
level also increased. It can therefore be said that some 
sex hormones fluctuate in the female dye workers and 
effects differ with respect to age category. However, by 
the perimenopausal age (≥41), Estradiol became reduced. 
According to Horstman et al. 28, Estradiol level decreases 
with age; In this case, this reduction could not have been 
due to age because we utilized a case-control method, and 
the reduction was only observed in the exposed partici-
pants.

In relating sex hormone level to the duration of  exposure, 
as indicated in Table 6 we noted that out of  all the sex 
hormones, only the level of  Prolactin was significantly 
reduced over time. This occurs in both the follicular and 
the luteal phases of  the menstrual cycle of  the women. 
Reduced Prolactin levels may therefore be a sensitive in-
dicator of  the hazardous effect of  occupational exposure 
to Vat dye exposure, particularly among women of  repro-
ductive age. This is because hormone imbalance is asso-
ciated with reproductive dysfunctions 29. Our observation 
agrees with the suggestion that Prolactin may be a sen-
sitive indicator of  early effects in toxicological research 
30. Beyond this, it will be good to test for the effects of  a 
longer duration of  exposure on prolactin levels. Prolactin 
has been reported to respond in different ways to chem-
ical exposures; this is related to different neurotransmit-
ters involved in modulating its secretion. According to 
Lafuente et al. 31, factors affecting levels of  Prolactin in 
such exposures include doses. In occupational exposures, 
the longer the duration, the more the likelihood of  an 
increased quantum of  exposure.

Conclusion
Female Vat dye workers of  early reproductive age (<20 
years) in Abeokuta have considerably lower levels of  FSH 
during the follicular phase of  the menstrual cycle.
Estradiol levels increased in both the follicular and lu-
teal phases in women of  mid-reproductive age (31 to 
40 years); an increase in the Progesterone levels was ob-

served in the luteal phase. Additionally, it was shown that 
perimenopausal women (>41 years) had lower levels of  
estradiol. Prolactin was shown to be inversely related to 
the duration of  exposure. 
These unexpected observations are likely to be as a result 
of  the exposure to the Vat dye on the hypothalamic- pi-
tuitary- gonadal axis. This serves as a scientific basis on 
the need for personal protective equipment in occupation 
exposure to Vat dyes.
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