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Women face more reproductive health problems in their whole life cycle. Occupational exposure to harmful factors in the
petrochemical industry may have a synergistic effect on women’s existing health problems.

To analyze the influencing factors of perimenopausal syndrome (PMS) in female workers in petrochemical industry, and
establish a nomogram model of the risk of PMS in female workers, so as to provide a easy and quick health monitoring and evaluation
method for female workers.

A total of 2653 perimenopausal female workers aged 45-55 years old were selected from a petrochemical enterprise. A
questionnaire survey was conducted to collect information on demographic characteristics, occupational characteristics, psychological
status, and reproductive health information. The prevalence of PMS of female workers was evaluated by the Kupperman Index Scale, the
physical fatigue and mental fatigue were evaluated by the Fatigue Scale. A linear graph prediction model was established by multiple
logistic regression. A nomogram was presented and C-index was used to verify the differentiation of the model. Then Bootstrap method
was used for internal validation.

Among the 2653 female worker, a total of 1306 cases (49.2%) presented PMS with a Kupperman score =7. The main symptoms
were fatigue (79.95%), irritability (71.32%), and insomnia (66.79%). Significant differences in PMS prevalence were found among female
workers of different age, body mass index, and working posture groups (P<0.05). The participants with alcohol drinking, maternal
premature or late menopause, hypertension, lack of physical exercise, heavy lifting, sick leave in the last 6 months, combined
occupational exposures to dust, chemicals, noise [ >80 dB(A)], or electromagnetic field, and not wearing protective masks, gloves or
protective earplugs reported higher prevalence rates of PMS (P<0.05). The prevalence rate of PMS in female workers with sleep
duration < 6 h was higher than that with>6 h (P <0.05), and higher in female workers with physical and mental fatigue than in those
without (P <0.05). The results of logistic regression analysis showed that those with maternal premature or late menopause (OR=1.572,
95%Cl: 1.320-1.872), hypertension (OR=1.579, 95%C/: 1.127-2.213), alcohol drinking (OR=1.286, 95%C/: 1.080-1.532), no physical
exercise (OR=1.598, 95%C/: 1.330-1.920), sleep duration < 6 h (OR=1.853, 95%Cl: 1.518-2.263), sick leave in recent 6 months (OR=1.614,
95%Cl: 1.226-2.123), physical fatigue (OR=2.384, 95%C/: 1.887-3.012), mental fatigue (OR=5.649, 95%Cl: 4.382-7.283), combined
exposure to occupational harmful factors (OR=1.329, 95%Cl: 1.108-1.593), long-time sitting (OR=2.014, 95%C/: 1.271-3.190), and heavy
lifting (OR=1.505, 95%Cl: 1.178-1.923) showed a higher risk of reporting PMS (P<0.05). The C-index from the ROC curve of the
nomogram model was 0.748 (95%Cl: 0.729-0.766). The results of Bootstrap validation showed that the standard curve and the predicted
curve almost overlapped, and the absolute error was 0.008, indicating that the model fitness was good.

PMS in female petrochemical workers may occur due to long-term exposures to multiple factors. The established
nomogram model has good predictive ability and could be applied to monitor and evaluate female reproductive health in petroleum
industry.

occupational health; perimenopausal symptom; Kupperman index; influencing factor; nomogram model
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Table 1 Specific symptoms of female workers with
perimenopausal symptoms in a petrochemical
enterprise (n=2653)
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Table 2 Logistic regression analysis of perimenopausal symptoms among female workers in a petrochemical enterprise

L& (Variable) NEAE (Assignment) b s, Wald y? OR (95% Cl) p

BREES RO BELE LR (Abnormal maternal menopause) Z(No)=0, Z(Yes)=1  0.452  0.089 25743  1.572(1.320~1.872)  <0.001
S IME(Hypertension) % (No)=0, &(Yes)=1  0.457  0.172 7.051  1.579(1.127~2.213) 0.008
IR5E(Alcohol drinking) % (No)=0, &(Yes)=1  0.251  0.089 7.954  1.286(1.080~1.532) 0.005
{&E )& (Physical Exercise) =(Yes)=0, &(No)=1 0469  0.094 25.067 1.598(1.330~1.920)  <0.001
BEBRATIE]<6 h(Sleep duration < 6 h) >6 h=0, <6 h=1 0.617  0.102 36.721  1.853(1.518~2.263)  <0.001
6™ B R B KRR 75 1R (Sick leave within 6 months) Z(No)=0, Z(Yes)=1  0.479  0.14 11.674  1.614(1.226~2.123) 0.001
BR{A9 55 (Physical fatigue ) (No)=0, 2(Yes)=1  0.869  0.119 53.132  2.384(1.887~3.012)  <0.001
X779 55 (Mental fatigue) H(No)=0, ZE(Yes)=2  1.732  0.130  178.43  5.649(4.382~7.283)  <0.001
B ERZEX S R (Combined exposures to occupational harmful factors) A(No)=0, :E(Yes)=1  0.284  0.093 9.428  1.329(1.108~1.593) 0.002
T AEAAL KA B4 2 (Long-time sitting) Z(No)=0, B(Yes)=2  0.700  0.235 8.900  2.014(1.271~3.190) 0.003
WIZE Y (Heavy lifting) % (No)=0, ZE(Yes)=1  0.409  0.125 10.682  1.505(1.178~1.923) 0.001
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Figure 1 Nomogram model for predicting perimenopausal symptoms in female workers of petrochemical industry
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Figure 2 ROC curve of nomogram model predicting
perimenopausal symptoms in female workers of
petrochemical industry
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