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Background: Previous studies have revealed a high comorbidity between

premenstrual syndrome (PMS) and depression; however, whether PMS can

longitudinally predict depression has not been examined in large sample studies.

Methods: This study surveyed 8,133 women from the 1973–78 cohort of the

Australian Longitudinal Study on Women’s Health. Participants completed seven

repeated measurements at 3-year intervals starting in 2000 (aged 22–27 years).

Binary logistic and multivariate ordered logistic regression models were used to

examine the predictive role of self-reported frequency of PMS symptoms in 2000

on self-reported diagnosis of depression and frequency of depressive symptoms,

respectively, for each follow-up survey.

Results: Self-reported frequency of PMS symptoms in the year 2000 predicted

self-reported diagnosis of depression in most follow-up surveys. Specifically,

compared towomenwho reported “never” had PMS symptoms in 2000, thosewho

reported “often” had them were more likely to report a diagnosis of depression

in 2006 (OR = 1.72), 2012 (OR = 1.88), 2015 (OR = 1.49), and 2018 (OR =

1.90); and those who reported “sometimes” had PMS symptoms in 2000 were

more likely to report a diagnosis of depression in 2012 (OR =1.37) and 2018

(OR = 1.59). Furthermore, self-reported frequency of PMS symptoms in 2000

predicted self-reported frequency of depressive symptoms in each follow-up

survey. Compared to women who reported “never” had PMS symptoms in

2000, those who reported “sometimes”, or “often”, had PMS symptoms reported

depressive symptoms more frequently.

Conclusion: Self-reported frequency of PMS can predict the self-reported

frequency of depressive symptoms and the subsequent diagnosis of depression.
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1. Introduction

According to The Global Burden of Diseases, Injuries, and

Risk Factors Study (GBD) 2019, depression was the second highest

ranked disability among all mental disorders (1), with annual

increases since 1990. The disability-adjusted life year for depression

puts it in the top 10 disorders among individuals aged 10–49 years

old (2). The results of the meta-analysis by Lim et al. (3) showed

that between 1994 and 2014, the lifetime prevalence of depression

was∼10.8%, and the prevalence was significantly higher in women

than in men. Other studies have further that the sex difference in

prevalence of depression begins mainly in mid-adolescence and

decreases after 55 years of age (4–6). There was a stable prevalence

of depression inmales from the age of 13 years, while the prevalence

of depression in females increases yearly and is about twice as high

as that of males (7, 8). Researchers have proposed several models to

explain this sex difference in terms of physiological, psychological,

and social factors (9, 10). Because this sex differences begin at

puberty and disappear at menopause, and changes in estrogen

and progesterone cause changes in neural networks related to

emotions (11), some researchers have suggested that sex differences

in depression are related to the cyclical fluctuations of hormones in

women (7, 10, 12, 13).

Premenstrual syndrome (PMS) is an emotional condition

associated with hormonal fluctuations during the menstrual cycle

and refers to a series of physical, psychological, and behavioral

symptoms that occur before the onset of menstruation and

improve, or disappear, after the onset (14). Previous studies have

shown that, although PMS is independent of depression, rather

than a variant of it (15), they share some common risk factors

(e.g., history of abuse, elevated perceived stress, and unhealthy

lifestyle) (16–24) and symptoms (e.g., depressed mood, feelings

of hopelessness, and decreased interest in activities) (25); this has

led some researchers to examine the comorbidity between them.

For example, Yonkers et al. (26) found that 22% of women with

PMS had comorbid major depressive disorder (MDD) and another

5.4% had mild depressive disorder. Forrester-Knauss et al. (27)

conducted a survey of 3,518 women in Switzerland and found that

11.3% of women with moderate PMS and 24.6% of women with

severe PMS had MDD. Sadr et al. (28) showed that 70% of women

with PMS had varying degrees of depressive symptoms in a survey

of 100 medical interns, while only 40% of women who did not

have PMS suffered from varying degrees of depressive symptoms.

In addition, Padhy et al. (23) also found that the diagnosis of

depression was associated with the severity of PMS symptoms.

Further, because PMS and its severe form, premenstrual dysthymic

disorder (PMDD), usually precede depression, researchers have

viewed PMS as another risk factor, independent of a family history

of depression, arguing that PMDD is the initial stage of disorders

triggered by the menstrual cycle, while depression may culminate

after the accumulation of disorders predicted by PMDD (29, 30).

However, all of the above studies have limitations: first, most

of them used convenience sampling, selecting as participants

patients coming to the hospital (26), medical students (28), or

nursing school students and staff (23), and only one study used

a large representative sample of women (27); second, previous

studies examined the comorbidity of PMS and depression primarily

using cross-sectional designs (23, 26–28). One early study used a

longitudinal approach and found that the proportion of women

with PMDD who developed depression at 2 years was 14 times

higher than that of women without PMDD; however, its sample

only included eight women with, and nine women without, PMDD

(31). Combining these limitations of sample selection and study

design, it is unclear whether PMS can be used as a risk factor for

depression; in other words, whether PMS can longitudinally predict

depression, and if so, how long this effect lasts. Furthermore, while

previous studies have used whether diagnostic criteria are met

as the dependent variable, a growing body of research supports

viewing mental disorders as a continuum (32, 33), and argues for

attention and early intervention for people with some depressive

symptoms who do not meet diagnostic criteria for depression (34).

To address these gaps, the present study used the prospective

Australian Longitudinal Study on Women’s Health (ALSWH), a

cohort of women aged 22–27 years, with 18 years of follow-

up, to examine the longitudinal predictive relationship of self-

reported frequency of PMS symptoms to depression and to

include both self-reported diagnosis of depression and frequency

of depressive symptoms in the investigation. Based on the results of

previous studies (23, 26–28), we hypothesized that the self-reported

frequency of PMS symptoms at the baseline would predict the self-

reported frequency of depressive symptoms and the self-reported

diagnosis of depression in the follow-up surveys.

2. Materials and methods

2.1. Participants

This study used data from the 1973–78 cohort of the Australian

Longitudinal Study on Women’s Health (ALSWH). The ALSWH

included more than 40,000 women from three cohorts born

in 1921–26, 1946–51, and 1973–78; initial intake took place

in 1996 with follow-up surveys conducted at ∼3-year intervals

(35). More recently, in 2012, they included more than 10,000

women born in 1989–95 and followed up at yearly intervals. The

database covers all women in Australia (including those living

in Australia, but without permanent residency) and is broadly

representative of the Australian population. Each survey examined

participants’ physical and mental health status, exercise and diet,

health care, and substance use via a series of questionnaires

and questions in addition to collecting demographic variables

(www.alswh.org.au/forresearchers/surveys) (36).

This study used data from the 1973–78 cohort, and included

participants from eight surveys conducted in 1996 (n = 14,247),

2000 (n = 9,688), 2003 (n = 9,081), 2006 (n = 9,145), 2009

(n = 8,199), 2012 (n = 8,009), 2015 (n = 7,186), and 2018 (n =

7,121). Because Survey 1 did not collect depression-related data,

we used the data from Survey 2 (conducted in 2000 when women

aged 22–27 years) to Survey 8 (conducted in 2018 when women

aged 40–45 years) for analysis, and used the data from Survey 2

as the baseline.

2.2. Measurements

2.2.1. Self-reported premenstrual syndrome
The presence of PMS was reported in each survey using a 4-

point Likert scale ranging from 0 to 3: “In the past 12 months,
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have you had premenstrual tension? (never, rarely, sometimes,

or often).”

2.2.2. Self-reported diagnosis of depression
Depression diagnostic status was reported in each survey using

a dichotomous question: “In the last 3 years, have you ever been

diagnosed with, or treated for, depression (non-postpartum)? (yes

or no).” Since the interval between Survey 1 and Survey 2 is 4 years,

this question asked about the last 4 years in 2000 (i.e., Survey 2).

2.2.3. Self-reported depressive symptoms
The presence of depressive symptoms was reported in each

survey using a 4-point Likert scale ranging from 0 to 3: “In

the past 12 months, have you had depression? (never, rarely,

sometimes, often).”

2.3. Covariates

The following four categories of variables associated with

PMS and depression were included as covariates: (1) demographic

variables: including age, highest educational qualification (no

formal qualification, year 10, year 12, trade/apprenticeship,

certificate/diploma, university degree, or higher university degree);

marital status (married, de facto marriage, not married, separated,

or widowed); residence (major cities, inner regional, outer regional,

or remote/very remote); and BMI (<18.5, 18.5 to < 25, 25 to

< 30, or ≥30); (2) lifestyle habits: sleep difficulties (never, rarely,

sometimes, or often); physical activity (sedentary, low, moderate,

or high); smoking (never smoked, ex-smoker, smoke < 10 day,

smoke 10–19 day, or smoke ≥20 day), alcohol consumption

(low risk drinker, non- drinker, non-drinker, rarely drinker, risky

drinker, or high risk drinker), oral contraceptive pills (OCPs)

use (two dichotomous questions examining use of oral pills for

contraception, and for other reasons); (3) menstrual symptoms:

irregular menstrual periods (never, rarely, sometimes, or often);

severe period pain (never, rarely, sometimes, or often); and heavy

periods (never, rarely, sometimes, or often); and (4) other variables:

history of abuse (four dichotomous questions were used to examine

physical abuse, emotional abuse, sexual abuse, and harassment) and

perceived stress (using the Perceived Stress Scale (PSS) developed

by Bell and Lee (37), which contains twelve 5-point Likert items

ranging from 0, “not at all stressed,” to 4, “extremely stressed,” to

examine participants’ stress from family members’ health, school,

work, etc.).

It is important to note that for some variables, there were

small numbers of participants in some categories; in such cases, we

merged the categories, following examples from previous studies

(38–40). “Highest educational qualification” was combined into: up

to high school or equivalent, trade/diploma, and university degree

or higher; “marital status” was combined into: married/de facto

and not married/separated; “residence” was combined into: major

cities, inner regional, and outer regional/remote/very remote;

“smoking” was combined into: never smoker, ex-smoker, and

current smoker; and “alcohol consumption” was combined into:

never drinker/rarely drinker, low risk drinker, and risky/high

TABLE 1 Sample characteristics in 2000 (n = 9,688).

n % Valid %

Agea 9,688 24.1± 1.47

Highest educational qualification

Up to high school or equivalent 3,302 34.1 35.4

Trade/diploma 2,268 23.4 24.3

University degree or higher 3,768 38.9 40.4

No response 350 3.6

Marital status

Married/de facto 4,352 44.9 45.1

Not married/separated/widowed 5,287 54.6 54.9

No response 49 0.5

Area of residence

Major cities 4,950 51.1 51.3

Inner regional 2,960 30.6 30.7

Outer regional/remote/very remote 1,736 17.9 18.0

No response 42 0.4

BMI

Underweight (<18.5) 569 5.9 6.4

Normal weight (18.5 to <25) 5,554 57.3 62.8

Overweight (25 to <30) 1,751 18.1 19.8

Obese (≥30) 969 10.0 11.0

No response 845 8.7

Sleeping difficulties in the last 12 months

Never 5,886 60.8 60.9

Rarely 1,043 10.8 10.8

Sometimes 1,762 18.2 18.2

Often 980 10.1 10.1

No response 17 0.2

Physical activity

Sedentary 895 9.2 9.5

Low 2,050 31.5 32.3

Moderate 2,208 22.8 23.4

High 3,282 33.9 34.8

No response 252 2.6

Smoking

Never smoker 5,519 57.0 57.4

Ex-smoker 1,387 14.3 14.4

Current smoker 2,702 27.9 28.1

No response 80 0.8

Alcohol consumption

Never drinker/rarely

drinks

3,659 37.8 38.0

Low risk drinker 5,601 57.8 58.2

(Continued)
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TABLE 1 (Continued)

n % Valid %

Risky/high risk drinker 363 3.7 3.8

No response 65 0.7

OCPs use

Not using OCPs 4,175 43.1 43.7

Using OCPs 5,368 55.4 56.3

No response 145 1.5

Irregular periods

Never 6,946 71.7 71.8

Rarely 847 8.7 8.8

Sometimes 1,037 10.7 10.7

Often 841 8.7 8.7

No response 17 0.2

Severe period pain

Never 6,243 64.4 64.6

Rarely 995 10.3 10.3

Sometimes 1,374 14.2 14.2

Often 1,059 10.9 11.0

No response 17 0.2

Heavy periods

Never 7,417 76.6 76.7

Rarely 718 7.4 7.4

Sometimes 920 9.5 9.5

Often 616 6.4 6.4

No response 17 0.2

History of abuse

Yes 3,694 38.1 38.5

No 5,910 61.0 61.5

No response 84 0.9

Perceived stress

Not at all/somewhat stressed 5,508 56.8 57.2

Moderately stressed 3,515 36.3 36.5

Very/extremely stressed 612 6.2 6.4

No response 55 0.6

Medication for depression

Yes 427 4.4 4.5

No 8,988 92.8 95.5

No response 273 2.8

aMean± SD.

risk drinker; the two questions on OCPs were combined into:

user and non-user. Furthermore, the mean score of the PSS was

divided into the categories: not at all stressed (0), somewhat

stressed (0–1), moderately stressed (1–2), very stressed (2–3),

and extremely stressed (3–4) and were then combined into:

not at all stressed/somewhat stressed, moderately stressed, and

very/extremely stressed.

2.4. Statistical analysis

We used SPSS 22.0 for all data analysis. Specifically, first,

we used descriptive statistics for the baseline characteristics of

the participants and chi-square tests to compare whether there

were significant differences in the prevalence of self-reported PMS

and depression (including diagnosis of depression and depressive

symptoms) in each survey; second, the cross-sectional relationship

between self-reported PMS and depression was examined using

chi-square tests for diagnosis of depression and frequency of

depressive symptoms among women who reported different

frequency of PMS symptoms in each survey; third, binary logistic

regression and multivariate ordered logistic regression were used

to examine the longitudinally predictive effect of self-reported

frequency of PMS symptoms in Survey 2 on self-reported diagnosis

of depression and frequency of depressive symptoms in each

follow-up survey, respectively. In the logistic regression analysis,

we added four types of covariates in turn to examine the

effect of independent variables on the dependent variable after

controlling for each type of covariate. Specifically, Model 1 included

only the effects of the independent variable (i.e., self-reported

frequency of PMS); Model 2 included the independent variable and

demographic variables; Model 3 included all of the above variables

and lifestyle habits; Model 4 included all of the above variables

and menstrual symptoms; and Model 5 included all of the above

variables and other covariates.

Note that in order to better control for the effect of a history

of depression, we excluded data from Survey 2 that reported

having been diagnosed with depression (i.e., select “yes” for the

question “Have you been diagnosed with depression by a doctor

in the past 4 years?”); having depressive symptoms (i.e., select

“often” for the question “In the past year, have you had depressive

symptoms?”); and use of antidepressant medication (i.e., select 1

or more for the question “In the past 4 weeks, how many different

types of medication have you used to treat depression?”). In total,

1,199 women were removed due to their history of depression. In

addition, 356 women with missing values on these three questions

were removed because it could not be determined whether they

had a history of depression. Finally, 8,133 validated participants

in Survey 2 were remained as baseline. In the subsequent data

analysis, all participants without missing values on the dependent

variables and covariates were included in the models at each follow-

up survey. The specific sample sizes used in each model for each

follow-up survey are shown in Supplementary Table 1.

In addition, to assess the robustness of the results, we further

examined the effects of missing values in the covariates. The

multiple imputation (MI) technique was used to fill in missing

values for covariates (including highest educational qualification,

marital status, residence, BMI, physical activity, smoking, alcohol

consumption, OCPs use, and PSS). Ten completely filled datasets

were generated, and then analyzed separately, and the combined

results obtained. As MI in SPSS does not yet provide parameter
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estimates for the combined results (41), we mainly refer to the

p-values in comparison with the original results.

3. Results

3.1. Baseline characteristics and prevalence
statistics

The sample characteristics of the baseline data are shown

in Table 1. Overall, most of the participants were well-educated,

unmarried, living in a large city, had a normal weight, had no

sleeping difficulty, did not smoke, had no alcohol consumption, had

a physical activity habit, did not have irregular menstrual cycles, did

not have heavy periods, did not have dysmenorrhea, had no history

of abuse, and experienced low levels of stress in 2000.

The prevalence of self-reported PMS symptoms, diagnosis of

depression, and depressive symptoms from Surveys 2–8 are shown

in Supplementary Table 2. The chi-square test showed significant

differences in the proportion of reporting a diagnosis of depression

by year [χ2
(6)

= 215.69, p < 0.001], with the highest proportion

in 2009 (17.7%) being significantly higher than all other years; the

proportion in 2018 (15.6%) was significantly higher than that in

2000 (11.6%), 2003 (12.6%), and 2006 (13.5%); and the proportion

in 2006 significantly higher than that in 2000 (Bonferroni-corrected

p < 0.05).

The proportion of self-reported frequency of depressive

symptoms also differed significantly by year [χ2
(18)

= 1,033.76, p <

0.001]; significantly higher proportions in 2015 (46.1%) and 2018

(48.6%) than in other years; and significantly higher proportions

in 2012 (42.2%) than in 2000 (30.9%), 2003 (35.7%), 2006 (35.5%),

and 2009 (36.2%); the proportions in 2003, 2006, and 2009 were

also higher than in 2000 (Bonferroni-corrected p < 0.05).

The proportion of self-reported frequency of PMS symptoms

also differed significantly by year [χ2
(18)

= 1,836.52, p< 0.001], with

significantly higher proportions in 2015 (64.8%) and 2018 (62.7%)

than in other years, and significantly higher proportions in 2012

(61.5%) than in 2000 (41.9%), 2003 (48.0%), 2006 (52.9%), and 2009

(50.8%), with significantly higher proportions in 2006 and 2009

than in 2000 and 2003, and significantly higher proportion in 2003

than in 2000 (Bonferroni-corrected p < 0.05).

3.2. Cross-sectional correlation between
PMS and depression

The chi-square test showed that for each survey, as the self-

reported frequency of PMS increased, the proportion of individuals

who reported being diagnosed with depression increased, and the

self-reported frequency of experiencing depressive symptoms also

increased (see Table 2).

3.3. Longitudinal predictive e�ect of PMS
on diagnosis of depression

After controlling for covariates, self-reported frequency of PMS

symptoms in 2000 predicted subsequent self-reported diagnosis of

depression in most follow-up surveys (see Table 3). Specifically,

compared to women who reported “never” had PMS symptoms,

those who reported “often” had PMS symptoms in 2000 were

more likely to report being diagnosed with depression later [OR2006

= 1.72 (1.27–2.32); OR2012 = 1.88 (1.44–2.44); OR2015 = 1.49

(1.11–1.99); and OR2018 = 1.90 (1.41–2.99)], and those women

who reported “sometimes” had PMS symptoms in 2000 were

more likely to report being diagnosed with depression in 2012

[OR = 1.37 (1.09–1.72)] and 2018 [OR = 1.59 (1.23– 2.05)]. In

addition, several covariates influenced the self-reported diagnosis

of depression, for example, college and higher-level educational

qualifications could decrease the risk of subsequent self-reported

diagnosis with depression; while being overweight, having sleeping

difficulties, smoking, having a history of abuse, and experiencing

stress could increase the risk of subsequent self-reported diagnosis

of depression (see Supplementary Table 3).

3.4. Longitudinal predictive e�ect of PMS
on depressive symptoms

After controlling for covariates, self-reported frequency of PMS

symptoms in 2000 predicted self-reported frequency of depressive

symptoms in each follow-up survey (see Table 4). Specifically,

compared to women who reported “never” had PMS symptoms,

those who reported “sometimes” had PMS symptoms in 2000

reported more frequently depressive symptoms later [OR2003 =

1.34 (1.14–1.57); OR2006 = 1.26 (1.07–1.48); OR2009 = 1.25 (1.06–

1.47); OR2012 = 1.42 (1.21–1.65); OR2015 = 1.34 (1.14–1.58); and

OR2018 = 1.25 (1.06–1.47)], and those individuals who reported

“often” had PMS symptoms in 2000 also reported more frequent

depressive symptoms later [OR2003 = 2.07 (1.72–2.50); OR2006

= 1.88 (1.56–2.28); OR2009 = 1.71 (1.40–2.08); OR2012 = 1.82

(1.50–2.20); OR2015 = 1.77 (1.45–2.17); and OR2018 = 1.60 (1.31–

1.96)]. Similarly, some covariates also influenced the self-reported

frequency of depressive symptoms (see Supplementary Table 4).

3.5. Sensitivity analysis

The results of multiple imputation (see

Supplementary Tables 5, 6) showed that the results were the

same as those with missing values, except that, compared to

women who reported “never” had PMS symptoms in 2000, those

women who reported “sometimes” had PMS symptoms were

significantly more likely to report being diagnosed with depression

in 2006.

4. Discussion

The present study examined the predictive role of self-reported

frequency of PMS symptoms on depression using longitudinal

cohort data from Australia, and showed that self-reported PMS

symptoms at the baseline predicted subsequent self-reported

diagnosis of depression and frequency of depressive symptoms over

a developmental period of up to 18 years in the reproductive stage.

We were able to capture the self-reported prevalence of PMS and
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TABLE 2 The cross-sectional association between PMS and depression.

Year Variables PMS χ
2 p Post-hoc testsa

Never1 Rarely2 Sometimes3 Often4

2000 Diagnosis of depression in last 4 years 85.99 <0.001

Yes 554 70 259 231 4 > 3 > 2=1

No 5,001 773 1,662 1,026 1= 2 > 3 > 4

Depressive symptoms in last 12 months 1,571.68 <0.001

Never 4,651 429 1,059 540 1 > 2= 3 > 4

Rarely 249 263 304 198 2 > 3= 4 > 1

Sometimes 454 109 432 330 4= 3 > 2 > 1

Often 267 47 136 203 4 > 3 > 1 (2=1, 2= 3)

2003 Diagnosis of depression in last 3 years 87.14 <0.001

Yes 507 145 255 215 4 > 3= 2=1

No 4,122 1,164 1,722 782 1= 2= 3 > 4

Depressive symptoms in last 12 months 941.88 <0.001

Never 3,629 791 1,010 389 1 > 2 > 3 > 4

Rarely 413 287 459 190 3 > 4 > 1 (2= 3, 2= 4)

Sometimes 449 193 402 291 4 > 3 > 2 > 1

Often 221 56 130 146 4 > 3 > 2= 1

2006 Diagnosis of depression in last 3 years 130.11 <0.001

Yes 426 169 320 234 4 > 3 > 2=1

No 3,573 1,344 1,691 762 1= 2 >3 > 4

Depressive symptoms in last 12 months 922.78 <0.001

Never 3,311 1,021 1,102 381 1 > 2 > 3 > 4

Rarely 364 331 430 225 2= 3= 4 > 1

Sometimes 389 204 427 265 4 > 3 > 2 > 1

Often 181 62 159 157 4 > 3 > 2= 1

2009 Diagnosis of depression in last 3 years 1,07.81 <0.001

Yes 564 189 319 236 4 > 3 > 2=1

No 3,088 1,119 1,398 545 1= 2 > 3 > 4

Depressive symptoms in last 12 months 743.67 <0.001

Never 3,031 857 959 299 1 > 2 > 3 > 4

Rarely 352 298 393 184 2= 3= 4 > 1

Sometimes 380 193 350 212 4 > 3 > 2 > 1

Often 202 56 147 126 4 > 3 > 2= 1

2012 Diagnosis of depression in last 3 years 152.65 <0.001

Yes 392 225 428 281 4 > 3 > 2=1

No 2,598 1,437 1,755 696 1= 2 >3 > 4

Depressive symptoms in last 12 months 646.05 <0.001

Never 2,201 992 1,059 339 1 > 2 > 3 > 4

Rarely 395 376 524 227 2= 3= 4 > 1

Sometimes 309 226 460 287 4 > 3 > 2 > 1

(Continued)
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TABLE 2 (Continued)

Year Variables PMS χ
2 p Post-hoc testsa

Never1 Rarely2 Sometimes3 Often4

Often 145 87 168 135 4 > 3 > 2= 1

2015 Diagnosis of depression in last 3 years 110.97 <0.001

Yes 333 204 323 247 4 > 3= 2=1

No 2,117 1,375 1,707 661 1= 2= 3 > 4

Depressive symptoms in last 12 months 446.40 <0.001

Never 1,612 888 956 293 1 > 2 > 3 > 4

Rarely 401 384 529 238 2= 3= 4 > 1

Sometimes 289 231 402 221 4 > 3 > 2= 1

Often 146 75 140 156 4 > 3 > 2 (1=2, 1= 3)

2018 Diagnosis of depression in last 3 years 64.96 <0.001

Yes 356 196 308 192 4 > 3 > 2 (1= 2, 1= 3)

No 2,157 1,354 1,614 580 2 > 3 > 4 (1= 2, 1= 3)

Depressive symptoms in last 12 months 427.02 <0.001

Never 1,625 845 854 229 1 > 2 > 3 > 4

Rarely 458 423 566 203 2= 3= 4 > 1

Sometimes 330 234 392 240 4 > 3 > 2= 1

Often 165 80 149 113 4 > 3 > 2 (1=2, 1= 3)

aBonferroni corrected.

depression, and their changes, over a longer period of time, as well

as the long-term predictive role of self-reported frequency of PMS

for depression.

This study found that the proportion of women who reported

being diagnosed with depression peaked in 2009 (31–36 years

old), then decreased slightly, but showed an overall increasing

trend. Most previous studies have roughly categorized participants

into several age groups, such as 20–39, 40–59, and 60+ (42);

or selected only a representative number of age groups, such as

comparing differences in the prevalence of depression between

20–24, 40–44, and 60–64-year-olds (43), while the change trends

between the ages of 22–45 were not analyzed. The cohort data used

in this study enabled us to compare the prevalence of self-reported

depression between the ages of 22–45 years with a 3-year sampling

interval, and found the highest prevalence occurred between the

ages of 31–36 years, which is largely consistent with the findings

of Weinberger et al. (44). Their study conducted annual statistics

on the prevalence of depression for participants aged 12–17, 18–

25, 26–34, 35–49, and 50+ years old during the ten-year period

from 2005 to 2015, and found that for the groups aged 12–17,

18–25, and 50+ years old, the prevalence of depression showed a

significant upward trend over the 10-year period, which means that

the prevalence of depression was increasing between the ages of

12–35, but was relatively stable after the age of 36 (because there

was no significant increase in the prevalence of depression among

the 35–49 age group). This may be due to the fact that 31–35 years

is a transitional period, with women facing various stressors such

as work, marriage, and childbirth, but lacking relatively effective

coping strategies; whereas after the age of 36, their life status is

relatively stable and they have found more mature coping strategies

in the face of familiar stressors (45, 46). In addition, the self-

reported frequency of depressive and PMS symptoms maintained

an increasing trend until reaching a maximum in 2015 and 2018,

similar to previous studies with samples from other countries

(47–49). This indicated that between the ages of 22–40, women’s

PMS symptoms and depressive symptoms gradually increased, but

remained relatively stable after age 40 (as the difference between

2015 and 2018 was not significant); it also added evidence for

symptom frequency to results from previous studies addressing

symptom severity.

Results addressing the cross-sectional relationship between

self-reported PMS and depression found that as women’s self-

reported frequency of PMS increased, so did the self-reported

frequency of diagnosis of depression and experience of depressive

symptoms, in line with previous small sample studies (23, 26, 28).

More importantly, we found that baseline self-reported frequency

of PMS symptoms predicted subsequent self-reported diagnosis of

depression and depressive symptoms. Halbreich (50) first suggested

that PMS might be a risk factor for depression, and the results

of the present study provide empirical support for this from both

cross-sectional and longitudinal data. In addition, risk factors for

depression change over time (51), meaning their predictive effect

for depression may be explained in more than one way: on the

one hand, worsening risk-factor levels may lead to the onset of

depression, i.e., the risk-escalation hypothesis (52); on the other

hand, the cumulative effect of risk-factor levels may lead to the

occurrence of depression, i.e., the chronic-risk hypothesis (53).

A recent study by Mu et al. (54) examined 16 risk factors for
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TABLE 3 Adjusted and unadjusted models for the association between self-reported frequency of PMS symptoms in 2000 and self-reported diagnosis of

depression at each follow-up survey.

Year Premenstrual tension in 2000 Model 1a Model 2b Model 3c Model 4d Model 5e

OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]

2003 Never Reference Reference Reference Reference Reference

Rarely 0.99 [0.68–1.43] 0.99 [0.66–1.47] 0.80 [0.53–1.23] 0.84 [0.54–1.31] 0.86 [0.55–1.34]

Sometimes 1.42 [1.12–1.81] 1.42 [1.10–1.83] 1.17 [0.89–1.54] 1.173 [0.85–1.52] 1.11 [0.83–1.49]

Often 2.06 [1.59–2.66] 2.14 [1.63–2.80] 1.59 [1.19–2.13] 1.43 [1.03–1.98] 1.26 [0.91–1.76]

2006 Never Reference Reference Reference Reference Reference

Rarely 1.14 [0.82–1.56] 1.35 [0.97–1.89] 1.25 [0.88–1.79] 1.30 [0.90–1.89] 1.32 [0.91–1.92]

Sometimes 1.48 [1.19–1.84] 1.53 [1.21–1.94] 1.32 [1.02–1.70] 1.28 [0.98–1.67] 1.28 [0.98–1.68]

Often 2.04 [1.62–2.58] 2.35 [1.83–3.01] 1.91 [1.46–2.50] 1.84 [1.37–2.48] 1.72 [1.27–2.32]

2009 Never Reference Reference Reference Reference Reference

Rarely 0.78 [0.56–1.07] 0.82 [0.58–1.16] 0.76 [0.53–1.09] 0.77 [0.53–1.13] 0.77 [0.52–1.13]

Sometimes 1.29 [1.06–1.57] 1.34 [1.08–1.65] 1.19 [0.95–1.49] 1.18 [0.93–1.50] 1.17 [0.92–1.48]

Often 1.54 [1.22–1.93] 1.67 [1.31–2.12] 1.44 [1.12–1.86] 1.40 [1.05–1.86] 1.31 [0.98–1.74]

2012 Never Reference Reference Reference Reference Reference

Rarely 0.96 [0.71–1.29] 0.96 [0.70–1.32] 0.92 [0.66–1.28] 0.89 [0.63–1.27] 0.90 [0.63–1.27]

Sometimes 1.45 [1.20–1.76] 1.55 [1.27–1.90] 1.45 [1.17–1.80] 1.39 [1.11–1.74] 1.37 [1.09–1.72]

Often 2.19 [1.78–2.70] 2.41 [1.93–3.00] 2.16 [1.71–2.73] 2.03 [1.57–2.64] 1.88 [1.44–2.44]

2015 Never Reference Reference Reference Reference Reference

Rarely 0.97 [0.71–1.32] 1.04 [0.75–1.45] 1.11 [0.79–1.56] 1.02 [0.71–1.46] 1.03 [0.72–1.48]

Sometimes 1.28 [1.04–1.58] 1.36 [1.10–1.70] 1.34 [1.06–1.68] 1.26 [0.99–1.61] 1.26 [0.98–1.61]

Often 1.74 [1.38–2.20] 1.83 [1.43–2.34] 1.69 [1.30–2.19] 1.63 [1.22–2.17] 1.49 [1.11–1.99]

2018 Never Reference Reference Reference Reference Reference

Rarely 1.21 [0.89–1.64] 1.30 [0.94–1.80] 1.34 [0.95–1.89] 1.43 [1.00–2.04] 1.42 [0.99–2.03]

Sometimes 1.39 [1.12–1.73] 1.48 [1.18–1.86] 1.51 [1.19–1.92] 1.59 [1.24–2.05] 1.59 [1.23–2.05]

Often 1.73 [1.36–2.21] 1.92 [1.49–2.48] 1.86 [1.42–2.44] 2.07 [1.54–2.79] 1.90 [1.41–2.56]

OR, Odds Ratio; CI, confidence interval.

Significant ORs are in bold. The sample sizes used for the analysis of each model are summarized in Supplementary Table 1.
aModel 1 included only the effect of self-reported frequency of PMS.
bModel 2 adjusted for age, highest educational qualification, marital status, area of residence, and BMI.
cModel 3 adjusted for variables in Model 2 plus for sleeping difficulties, physical activity, smoking, alcohol consumption, and OCPs use.
dModel 4 adjusted for variables in Model 3 plus for irregular periods, severe period pain, and heavy periods.
eModel 5 adjusted for variables in Model 4 plus for history of abuse and perceived stress.

depression and consistently found that it was the average level of

risk factors, rather than abrupt changes, that led to the first onset of

depression, supporting the chronic-risk hypothesis. Our findings,

using PMS as a risk factor, support the chronic-risk hypothesis,

meaning that the predictive effect of self-reported frequency of PMS

for depression is long-term and exhibits a greater and more stable

long-term effect on the prediction of diagnosis of depression.

Two possible pathways may exist for the predictive role of

self-reported frequency of PMS on depression. On the one hand,

according to the windows of sensitivity theory (12), sharp changes

in progesterone levels during the luteal phase lead to changes

in brain networks, and this further leads women to develop a

memory bias for negative events during the luteal phase; this results

in an increase in negative emotions and susceptibility to mood

disorders. Evidence regarding the relationship between hormonal

fluctuations and emotional symptoms has also been obtained from

menopause. Specifically, numerous pieces of evidence suggest that

menopause, with its dramatic hormonal fluctuations, is strongly

associated with new onset of depressed mood (55) and increased

risk of greater depressive symptoms (56) among women with no

history of depression. In addition, compared with women who

used hormonal interventions to ease the symptoms associated with

perimenopause, those without using hormonal interventions were

more likely to experience a severe depressive episode (57). Women

with PMS are particularly sensitive to hormonal fluctuations (58)

and brain networks change more drastically during the menstrual

cycle. As a result, women with PMS reported more emotional

symptoms during the luteal phase of the menstrual cycle and
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TABLE 4 Adjusted and unadjusted models for the association between self-reported frequency of PMS symptoms in 2000 and self-reported frequency

of depressive symptoms at each follow-up survey.

Year PMS in 2000 Model 1a Model 2b Model 3c Model 4d Model 5e

OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]

2003 Never Reference Reference Reference Reference Reference

Rarely 1.28 [1.06–1.54] 1.25 [1.02–1.52] 1.04 [0.84–1.29] 1.04 [0.83–1.30] 1.05 [0.84–1.32]

Sometimes 1.66 [1.45–1.89] 1.67 [1.45–1.92] 1.41 [1.21–1.63] 1.37 [1.17–1.60] 1.34 [1.14–1.57]

Often 2.75 [2.37–3.19] 2.95 [2.52–3.45] 2.35 [1.99–2.78] 2.29 [1.90–2.76] 2.07 [1.72–2.50]

2006 Never Reference Reference Reference Reference Reference

Rarely 1.18 [0.98–1.43] 1.21 [0.99–1.48] 0.72 [0.84–1.29] 1.04 [0.83–1.30] 1.05 [0.84–1.32]

Sometimes 1.55 [1.35–1.76] 1.59 [1.38–1.83] 1.34 [1.15–1.56] 1.27 [1.08–1.49] 1.26 [1.07–1.48]

Often 2.48 [2.13–2.88] 2.78 [2.37–3.26] 2.20 [1.85–2.61] 2.07 [1.71–2.49] 1.88 [1.56–2.28]

2009 Never Reference Reference Reference Reference Reference

Rarely 1.08 [0.89–1.32] 1.11 [0.90–1.38] 0.97 [0.78–1.22] 0.94 [0.74–1.19] 0.95 [0.75–1.20]

Sometimes 1.50 [1.31–1.72] 1.54 [1.34–1.78] 1.29 [1.11–1.51] 1.29 [1.10–1.52] 1.25 [1.06–1.47]

Often 2.11 [1.80–2.48] 2.33 [1.97–2.75] 1.86 [1.56–2.22] 1.85 [1.52–2.25] 1.71 [1.40–2.08]

2012 Never Reference Reference Reference Reference Reference

Rarely 1.11 [0.92–1.34] 1.14 [0.94–1.40] 1.06 [0.86–1.30] 1.02 [0.82–1.28] 1.04 [0.84–1.30]

Sometimes 1.54 [1.35–1.76] 1.66 [1.45–1.91] 1.51 [1.30–1.75] 1.45 [1.24–1.69] 1.42 [1.21–1.65]

Often 2.20 [1.88–2.57] 2.49 [2.12–2.93] 2.13 [1.79–2.53] 2.01 [1.66–2.42] 1.82 [1.50–2.20]

2015 Never Reference Reference Reference Reference Reference

Rarely 1.11 [0.92–1.35] 1.15 [0.94–1.41] 1.08 [0.87–1.34] 1.09 [0.87–1.37] 1.11 [0.88–1.40]

Sometimes 1.42 [1.24–1.63] 1.49 [1.29–1.72] 1.39 [1.19–1.62] 1.35 [1.15–1.58] 1.34 [1.14–1.58]

Often 2.18 [1.85–2.56] 2.37 [2.00–2.81] 2.02 [1.68–2.42] 1.95 [1.60–2.38] 1.77 [1.45–2.17]

2018 Never Reference Reference Reference Reference Reference

Rarely 1.00 [0.83–1.22] 1.02 [0.83–1.26] 0.94 [0.75–1.17] 0.98 [0.78–1.23] 0.99 [0.79–1.25]

Sometimes 1.40 [1.22–1.60] 1.45 [1.25–1.67] 1.31 [1.12–1.52] 1.28 [1.09–1.51] 1.25 [1.06–1.47]

Often 1.99 [1.70–2.34] 2.15 [1.82–2.55] 1.84 [1.54–2.20] 1.78 [1.46–2.16] 1.60 [1.31–1.96]

OR, Odds Ratio; CI, confidence interval.

Significant ORs are in bold. The sample sizes used for the analysis of each model are summarized in Supplementary material.
aModel 1 included only the effect of self-reported frequency of PMS.
bModel 2 adjusted for age, highest educational qualification, marital status, area of residence, and BMI.
cModel 3 adjusted for variables in Model 2 plus for sleeping difficulties, physical activity, smoking, alcohol consumption, and OCPs use.
dModel 4 adjusted for variables in Model 3 plus for irregular periods, severe period pain, and heavy periods.
eModel 5 adjusted for variables in Model 4 plus for history of abuse and perceived stress.

greater sensitivity to depressive symptoms than women without

PMS. In other words, hormonal changes and fluctuations were

associated with an increased risk of depressive symptoms (59),

especially for women with PMS. On the other hand, women with

PMS experience a range of physical, psychological, and behavioral

symptoms during the luteal phase of menstrual cycle, which leads

them to develop a negative attitude toward menstruation (60).

Menstruation becomes a chronic stressor for them (29), and

according to the theory of allostatic load, when individuals are

regularly exposed to chronic stress, their physiological responses

may be dysregulated, resulting in insufficient resources to cope with

other stressors (61). Previous empirical studies have also found

abnormal stress responses in women with PMS in the premenstrual

period (62, 63), suggesting this may create a vicious cycle that

makes women with PMS experience more emotional symptoms,

and put them at a higher risk of developing depression. However,

based on the results of this study, it is uncertain which pathway

plays amore important role in the prediction of depression by PMS,

or whether they are equal. Future studies should further examine

the longitudinal predictive mechanisms of PMS for depression.

It is important to note that our results found that the

predictive effect of self-reported frequency of PMS symptoms

on depressive symptoms was more stable and sensitive than the

predictive effect on diagnosis of depression, as evidenced by the

significant predictive effect for each follow-up survey and that

women who reported “sometimes” had PMS symptoms in 2000

reported significantly more subsequent depressive symptoms than

those reported “never” had PMS symptoms in 2000. This may be
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due to the difference between the two measures. First, participants

may have some stigma about being diagnosed with depression

(64), leading to less truthful reporting by some participants (65).

However, the stigma of depression decreases over time (66), which

may have resulted in participants’ subsequent reports on diagnosis

of depression being more truthful, while reports of depressive

symptoms were less affected. Second, the variables involved in this

study were retrospective subjective reports, which may be subject

to recall bias (67). Participants reported on diagnosis of depression

for the past 3 years, while they reported depressive symptoms for

the past 12 months. The relatively shorter period of recall time

may have made recall easier, and the report closer to the truth.

The effect of the mood state measurement pattern on the results

has been confirmed in previous studies (68), and the question of

whether the difference in the predictive effect of the data reported

for both variables was caused by the difference in the measurement

pattern can be ruled out by comparing the response times in the

future. Finally, the question about diagnosis of depression required

participants to make a binary choice, whereas the questions

about depressive symptoms required participants to choose among

different frequencies of symptoms; the way depressive symptoms

were reported was more consistent with the way PMS symptoms

were reported, which may also have led to a more stable

predictive effect on depressive symptoms. In conclusion, our

findings suggest a more stable and sensitive predictive effect of self-

reported frequency of PMS symptoms on self-reported frequency

of depressive symptoms, but a more complex predictive effect

of self-reported frequency of PMS symptoms on self-reported

depressive diagnoses. Furthermore, as with the measurement

of PMS symptoms, the diagnosis of depression and depressive

symptoms were also measured by a simple single question rather

than rating scales or specific questionnaires, this may cause the

common method bias problem thus making the relationship

between PMS and depression stronger than it really is. Therefore,

conclusions should be drawn with caution.

In addition, this study found that covariates such as highest

educational qualification, sleeping difficulties, perceived stress,

history of abuse, smoking, and physical activity also played

a predictive role for self-reported diagnosis of depression and

depressive symptoms, similar to previous studies (22, 24, 40, 69,

70). This study examined the long-term predictive effect of self-

reported frequency of PMS symptoms on self-reported depression

for the first time using longitudinal cohort data and collected

a large number of demographic variables and other covariates,

which allowed us to control the sampling bias, and examine the

predictive effect of self-reported frequency of PMS symptoms

on depression after excluding the interference of other factors.

Robustness analysis also revealed no effect of missing values on our

findings, meaning that the results had high stability. This provides

evidence for our use of PMS as a risk factor that may be used for

early identification and screening for depression and allows for

generalization of the findings to Australian women of the same

age group.

However, the present study still has some limitations, which

focused on the following aspects. First and foremost, it is inaccurate

to measure PMS using a single question of the retrospective nature,

which poses the following problems. Firstly, because retrospective

self-reported PMS measurements were more sensitive to mood

disorders and cycle phases than prospective measurements with

daily symptoms calendars (71), it is not equivalent to a real PMS

diagnosis via prospective measurement (72), which does make

the stability of the study results very challenging. Secondly, a

single question asking participants about the frequency of PMS

prevented us from examining the severity of symptoms and

which symptoms of PMS were predictive of depression. Last

but not least, “premenstrual tension” is an old term from the

International Statistical Classification of Diseases and Related

Health Problems, Tenth Edition (ICD-10), which refers to any

premenstrual symptoms such as tension or migraine without

consideration of the type or severity of the symptoms (73). This

definition serves as the most relaxed criteria of PMS and differs

from the definition of PMS/PMDD by Diagnostic and Statistical

Manual of Mental Disorders Fifth Edition (DSM-V) (25) or the

definition of premenstrual disorders by the International Society

of Premenstrual Disorders (ISPMD) (74). There are extenuating

circumstances for using this measure, such as (1) this is a

cohort dataset with a very large amount of data (including

demographic variables, health behaviors, diagnoses, symptoms,

general measures of health, access to and use of a range of health

services, contraception and reproduction, childbirth and parenting,

experiences of intimate partner violence, and work-life balance, a

total of more than 500 questions) collected, single questions could

save sampling time, (2) it was collected as early as in 2000 when

premenstrual tension was widely used and studied, (3) the object

of the study is not a clinical sample. Given the acceptance of

this measure in previous studies [e.g., (38, 39)], we also used the

term “premenstrual syndrome” in this paper in order to maintain

consistency with other studies. However, there might be a slight

difference between the definition of premenstrual tension at that

time and the recent definitions of PMS, so the conclusion obtained

should be carefully considered and validated in the future using

recent standardized measurements. In addition, because we did

not measure depression-related data in Survey 1, we know nothing

about participants’ history of depression before Survey 2, which

may cause some confusion in the results. Finally, because we had a

high attrition rate, the remaining individuals may have been those

that were more concerned with health issues, or that had some

health issues of their own; as such, the results obtained may have

been somewhat overestimated in terms of prevalence (40).

5. Conclusion and implications

The longitudinal predictive relationship of the self-reported

frequency of PMS symptoms in their early twenties on the

self-reported frequency of depressive symptoms and the self-

reported diagnosis of depression in subsequent decades was

initially confirmed in the ALSWH 1973-78 cohort. Therefore,

early intervention for PMS (e.g., hormonal interventions or

cognitive behavioral therapy) may not only reduce the physical and

psychological distress of women with PMS during the luteal phase

of the menstrual cycle [e.g., (75, 76)], but also reduce their risk of

being diagnosed with depression later in life. Given that current

intervention studies on depressive symptoms in women with PMS

are cross-sectional studies [e.g., (77)], future longitudinal studies

should be conducted to provide further confirmation of this issue
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by comparing differences in subsequent presence and severity of

depressive symptoms between women who sought treatment for

PMS and those who did not receive treatment.
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