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Abstract

Objective: To examine the longitudinal relation between perceived stress in the previous month and peri-
menstrual symptom severity across two cycles among regularly menstruating, healthy women (1 =259).
Methods: At baseline (11 days before the first cycle), participants completed the 4-item Perceived Stress Scale
(PSS) for the previous month (first cycle exposure) and questionnaires on lifestyle factors. On cycle day 22 of a
standardized 28-day cycle, participants again completed the PSS for the previous week (second cycle exposure)
and each week rated the severity (none, mild, moderate, severe) of 17 psychological and physical symptoms
(e.g., crying, cramping, pain). Mixed models estimated the association between perceived stress scores and
number of moderate/severe symptoms and symptom severity scores, allowing both stress and perimenstrual
symptoms to vary by cycle.

Results: Adjusting for age, education, passive and active smoking, and waist/height ratio (WHtR), high stress
(fourth quartile PSS) was associated with an increased risk of reporting >8 or more (OR 7.2, 3.3-15.8) and >5
(OR 25, 1.6-4.1) symptoms as moderate/severe during the perimenstrual period compared with lower stress
(quartiles one, two, and three). Stress scores were positively (p <0.0001) associated with increased symptom
severity scores for total, psychological, and physical symptoms.

Conclusions: These analyses show that higher perceived stress precedes an increased severity of perimenstrual
symptoms. Stress reduction programs may be an effective, nonpharmaceutical treatment for physical and
psychological symptom relief.

Introduction during the week after menses.” Although >90 premenstrual
symptoms have been identified, the most commonly reported
include anger, anxiety, mood swings, depression, fatigue, de-
creased concentration, breast swelling and tenderness, general

aches, and abdominal bloating.w’“

PREMENSTRUAL SYNDROME (PMS) is a common disorder
among reproductive-aged women, associated with dis-
ruption of familial and social relationships, work interference

and absenteeism, and increased healthcare costs.!™ Ap-
proximately 40%—60% of reproductive-aged women experi-
ence PMS.*® Although pharmaceutical treatment has proved
to be successful for many women who suffer from moderate
to severe PMS, medications are not always effective or
appropriate.7’8 It is, therefore, of public health importance
to identify factors, such as psychosocial stress, that contrib-
ute to increased symptom severity and may be potentially
modifiable.

PMS is a collection of physical, behavioral, and psycholog-
ical symptoms that occur in the late luteal phase of the men-
strual cycle, abate during menses, and are generally absent

Despite the high prevalence of PMS, few risk factors have
been consistently identified,'>™* little is known about the
etiology of symptoms, and no universal treatment exists. A
suspected etiological pathway is linked to slight irregularities
in the normal variation of ovarian hormones throughout the
menstrual cycle, as ovulation suppression is known to avert
premenstrual symptoms;15 however, differences in repro-
ductive hormone levels have not been consistently identi-
fied."'* Although not entirely clear, psychosocial stress may
impact the severity of perimenstrual symptoms (premenstrual/
menstrual weeks) through activation of the hypothalamic-
pituitary-ovarian (HPO) axis, thus altering ovarian hormone
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levels, or stimulation of the sympathetic nervous system,
leading to altered levels of neurotransmitters and other brain
processes.”

Longitudinal studies are necessary to differentiate between
stress as a cause or contributor and stress as a consequence
of PMS because of the higher potential for reverse causality
in retrospective or cross-sectional studies. Our aim, there-
fore, was to assess the association between psychosocial
stress in the previous month and risk of perimenstrual
symptoms, using a longitudinal design among otherwise
healthy women.

Materials and Methods
Study population

The BioCycle Study was designed to explore ovarian
function across the menstrual cycle in healthy women. A de-
tailed description of the unique design, participants, and
methods has been published.20 In brief, premenopausal
women were recruited from western New York. Inclusion
criteria were age 18-44, no chronic health conditions or psy-
chiatric conditions (including premenstrual dysphoric dis-
order [PMDD)]), regular self-reported cycle length between 21
and 35 days, a body mass index (BMI) between 18 and
35kg/m?, and no current use of oral contraceptives or exog-
enous hormones.” At baseline, participants had physical and
anthropometric measures taken and completed question-
naires on lifestyle, physical activity (International Physical
Activity Questionnaire, IPAQ),21 and family medical and
health history. Participants received both verbal and written
instructions in the use of a fertility monitor (Clearblue® Easy
Fertility Monitor, Inverness Medical, Inc., Waltham, MA) to
assist in scheduling visits to correspond with specific phases
of the menstrual cycle.”** All participants signed an in-
formed consent, and this study was approved by Institutional
Review Boards at the University at Buffalo and the National
Institutes of Health.
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The study included one baseline clinic visit and 16 cycle
visits (8 per cycle) over two menstrual cycles, scheduled to
occur on approximately days 2,7, 12,13, 14, 18, 22, and 27 of a
28-day cycle, adjusted for cycle length (day 1 =start of men-
ses). These visits were timed to capture the periods repre-
sentative of hormonal variation throughout phases of the
cycles: menstrual (day 2), follicular (day 7), ovulation (days
12,13, 14), and luteal (days 18, 22, 27). Women were followed
longitudinally for either one (1 = 9) or two (n = 250) menstrual
cycles. Compliance was high, with 94% completing 7 or 8
visits per cycle.””

At baseline (approximately 11 days before the first cycle),
participants completed the 14-item Perceived Stress Scale
(PSS)* for the previous month (Fig. 1). Additionally, at four
clinic visits per cycle (days 2, 7, 14, 22), participants completed
the 4-item PSS™ for the past week and a questionnaire de-
signed to assess the presence and severity of 17 recognizable
menstrual symptoms in the previous week.”>*® Participants
rated perceived symptom severity as none, mild, moderate,
or severe. Because perimenstrual symptoms peak in severity
2-3 days before the onset of menses, subside during the
menstrual week, and are generally absent during the post-
menstrual week,”? we focused our analysis on the assess-
ments from the premenstrual week (day 2) and the menstrual
week (day 7) for a total of four symptom assessments across
two menstrual cycles.

At the screening and baseline clinic visits, information was
collected about demographics and lifestyle using validated
questions selected largely from major national surveys (e.g.,
National Health and Nutrition Examination Survey [NHA
NES] and National Health Interview Survey [NHIS]). On days
2,7, 14, and 22, participants also completed a standardized
24-hour dietary recall from which mean caloric intake and
caffeine intake were calculated. At the baseline visit, a trained
research assistant measured height, weight, and waist cir-
cumference at the level of the natural waist®® using stan-
dardized techniques, from which BMI and waist/height ratio
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FIG.1. Timeline of perceived stress and perimenstrual symptom assessments in the BioCycle Study. Day 1, onset of menses
and start of menstrual cycle. Symptoms, perimenstrual symptom assessment for previous week. Symptoms 1 pertains to
cycle 1 (premenstrual and menstrual week), and Symptoms 2 pertains to cycle 2 (premenstrual and menstrual week). Stress,
stress assessment for previous week (perceived stress scale). Stress 1 is the exposure for Symptoms 1, and Stress 2 is the

exposure for Symptoms 2.
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(WHItR) were calculated and categorized (< 0.5, > 0.5).% Age,
education, income, alcohol intake, active and passive smok-
ing, caloric intake, caffeine intake, BMI, WHtR (<0.5, >0.5),
physical activity, gravidity, age at first menstrual period, and
recent colds, flu, or other illness as reported at the clinic visits
were considered as potential confounders because of their
known or possible associations with stress and PMS.

Because physical activity may be a protective factor for
both PMS severity®®? and high stress,?33> we assessed sev-
eral components of baseline physical activity (past 7 days) as
potential confounders, including IPAQ categories (low,
moderate, and high activity level) and weekly total metabolic
equivalents (METS), a measure of energy expenditure. Total
weekly METS were calculated using the formula:

Duration (hours) x intensity (MET value)®

Statistical analysis

The 4-item PSS scores were analyzed as continuous and
as a dichotomous variable (high stress = fourth quartile PSS,
low/moderate stress = quartiles one, two, and three). For
brevity, the low/moderate stress category is referred here
after as low stress. In terms of temporal relations, the 4-item
PSS score (questions 2, 6, 7, and 14), as a subset of the baseline
14-item PSS score, served as the stress exposure in cycle 1,
whereas the 4-item PSS scale administered at midcycle 1 (PSS
score from cycle day 22 with reference to the previous week)
was the stress exposure for symptoms in cycle 2 (Fig. 1). The
4-item version of the PSS scale was carefully selected as a
subset of the 14-item PSS by the authors of the scale and vali-
dated by the scale’s authors and others.***” It has excellent
reliability and validity as a short-form stress scale (coefficient
alpha reliability =0.72; correlation with smoking rates at
3 months=0.37).2* In addition, we further classified the
women by stress pattern preceding each cycle into four groups:
low stress both cycles (reference), high stress 1 and low stress 2,
low stress 1 and high stress 2, and high stress both cycles.

The 17 perimenstrual symptoms were classified as moderate/
severe or mild/none, and the number of moderate/severe
symptoms were summed. Moderate and severe symptoms
were combined to ensure sufficient statistical power to de-
tect associations, given that few women (1%-5%) reported
symptoms classified as severe because of the healthy nature of
the population and that women with PMDD were not eligible.
We examined risk of reporting >5 moderate/severe symp-
toms because this is one of the criteria for diagnosing PMDD®
and risk of >8 as a more severe classification. We created a
symptom severity score’®*® at each time point by summing
the severity ratings (0=none, 1=mild, 2=moderate, 3=
severe) for each symptom. The total severity score was the
sum of all 17 symptom ratings. The psychological severity
score was the sum of the 5 psychological symptom ratings
(depression/sadness, irritability, anxiety, anger, crying
spells), and the physical severity score was the sum of the 12
physical symptoms. Symptom severity scores were treated as
continuous and were transformed (square root) to approxi-
mate a normal distribution (transformed mean = 2.90, medi-
an = 3.0, interquartile range = 2.0, 3.9).

We also classified each cycle as probable moderate/severe
PMS using two criteria. Criterion 1, adapted from Borenstein
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et al,>*’ was >3 moderate/severe symptoms during the

premenstrual week (1 of which must be psychological) and a
total symptom severity score during the premenstrual week at
least 30% greater than the total score during the post-
menstrual week. However, we did not have information on
the extent to which menstrual symptoms affect daily life/
relationships; therefore, we also considered a second criterion
(criterion 2), which classified cycles as moderate/severe PMS,
using the same method except with >5 moderate/severe
symptoms during the premenstrual week.

Time-varying multivariable mixed models were used to
account for the correlation of measures within each woman
across two menstrual cycles, allowing both stress and symp-
toms to vary by cycle and week (premenstrual and menstru-
al). Using generalized estimating equations, we estimated
unadjusted and adjusted odds ratios (OR) and 95% confidence
intervals (CI) for risk of experiencing specific moderate/
severe symptoms, multiple moderate/severe symptoms, and
moderate/severe PMS. We also estimated the risk of >8
moderate/severe symptoms across both cycles by whether the
stress level changed from cycle 1 to cycle 2, using women who
reported low stress preceding both cycles as the referent. We
used a linear mixed model to estimate the effect of stress level
on symptom severity scores. Factors were considered con-
founders in the analysis and retained in the final adjusted
model if they changed the coefficient for stress by >10%.

To determine if the timing of baseline PSS administration
impacted results, women who completed the baseline PSS
after the first cycle clinic visit (n =7) or >30 days before the
first clinic visit (n =14) were excluded in sensitivity analyses.
Finally, we examined recent physical activity level, age, and
race/ethnicity as effect modifiers of the association between
stress and perimenstrual symptoms by including an interac-
tion term in the mixed models. We used Statistical Analysis
System software (SAS 9.1, Cary, NC) for data analysis.

Results

Participants, aged 18-44 years, were 60% non-Hispanic
white, and nearly 90% had some college education (Table 1).2°
Most were single (68%), and <4% reported being current
smokers. A comparison of participant sociodemographic and
lifestyle characteristics by level of baseline perceived stress
showed no differences, with the exception of decreased age,
caffeine intake, and age at first menstrual period (p < 0.05).
Although not statistically significant, women with high per-
ceived stress tended to have shorter menstrual cycles and
higher BMI and WHtR.

High perceived stress in the previous month was associated
with a significantly increased risk of moderate/severe
symptoms for all 5 psychological and the majority of physical
symptoms, with odds ranging from 2.0 to 3.0 for most of the
symptoms (Table 2). Adjustment for age, education, and
passive and active smoking did not have an appreciable im-
pact on results.

High perceived stress was strongly associated with risk
of experiencing multiple moderate/severe symptoms and
moderate/severe PMS in the subsequent cycle. During the
premenstrual week, >8 moderate/severe symptoms were
reported in 17% of cycles, >5 moderate/severe symptoms in
36% of cycles, and 32% were classified as moderate/severe
PMS by criterion 1 and 24% based on criterion 2 (Table 3).
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TABLE 1. DISTRIBUTION OF PARTICIPANTS ACCORDING TO STRESS AT BASELINE AND CHARACTERISTICS

Low stress® High stress®
Characteristic n (%) n (%) p value®
Sociodemographics
Age, years
18-24 96 (48.5) 36 (60.0) 0.03
25-29 33 (16.7) 9 (15.0)
30-34 11 (5.6) 8 (13.3)
35-39 28 (14.1) 4 (6.7)
40-44 30 (15.1) 3 (5.0
Income (thousands of dollars)
<20 39 (19.9) 16 (26.7) 0.47
20-<40 47 (24.0) 14 (23.3)
40-<75 53 (27.0) 18 (30.0)
>75 57 (29.1) 12 (20.0)
Highest educational level
High school or less 25 (12.6) 8 (13.3) 0.85
Some college 94 (47.5) 26 (43.3)
Bachelor’s degree or higher 79 (39.9) 26 (43.3)
Race
Non-Hispanic white 124 (62.6) 30 (50.0) 0.21
Non-Hispanic black 36 (18.2) 14 (23.3)
Other 38 (19.2) 16 (26.7)
Marital status
Single, never married 129 (65.1) 47 (78.3) 0.10
Married 54 (27.3) 12 (20.0)
Divorced/widowed/separated 15 (7.6) 1(1.7)
Lifestyle
Cigarette smoking
Nonsmoker/unexposed to passive smoke 80 (40.4) 19 (31.7) 0.45
Nonsmoker/exposed to passive smoke 111 (56.1) 38 (63.3)
Current smoker 7 (3.5) 3 (5.0)
Alcohol use (past 12 months)
None 61 (31.0) 24 (40.7) 0.38
Light use (<1 drink per week) 41 (20.8) 14 (23.7)
Moderate (1-3 drinks per week) 59 (30.0) 13 (22.0)
Heavy (4+ drinks per week) 36 (18.3) 8 (13.6)
Caffeine consumption (daily mg)c’Cl 65.7 [17.2-146.8] 28.4 [3.5-97.1] 0.04
Physical activity
IPAQ category
Low 21 (10.6) 4 (6.7) 0.62
Moderate 71 (35.9) 21 (35.0)
High 106 (53.5) 35 (58.3)
Total METS*® (weekly total) 3303 [1470-6333] 3545.3 [1396-6912] 0.57
Health
Waist/height ratio
<0.5 163 (82.7) 43 (72.9) 0.09
>0.5 34 (17.3) 16 (27.1)
Waist circumference,® (cm) 73.4 [68.5-79.7] 74.5 [68.5-80.3] 0.71
Body mass indexf (kg/ m?) 24.1 (3.7) 24.5 (4.4) 0.36
Age at first menstrual period® 12.8 [12.0-13.7] 12.3 [11.1-13.0] 0.01
Menstrual cycle length’ (days)
Cycle 1 29.2 (4.6) 28.0 (4.4) 0.10
Cycle 2 28.9 (3.6) 28.1 (2.7) 0.41

*High stress = fourth quartile PSS score; Low stress = quartiles one, two, and three.

Pp values for categorical variables derived from chi-square test.

“Median [interquartile range]; p values derived from Kolmogorov-Smirnov test.

9Average intake from four 24-hour dietary recalls.

“Total METs = duration (hours) x activity intensity (METS).

fMean (standard deviation); p values derived from f test.

IPAQ, International Physical Activity Questionnaire-long form; METS, metabolic equivalents.
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TABLE 2. PERCEIVED STRESS DURING PREVIOUS CYCLE AND RISK OF SPECIFIC MODERATE/SEVERE
PERIMENSTRUAL SymMPTOMS, ODDS RATIOS AND 95% CONFIDENCE INTERVALS

High stress vs.
low Unadjusted estimates

High stress vs.
low Adjusted® estimates

Moderate severe perimenstrual symptoms n (%)° OR 95% CI OR 95% CI
Psychological
Depression or sadness 70 (14.3) 2.96 [1.58-5.47] 2.94 [1.58-5.47]
Crying spells 40 (8.2) 3.55 [1.67-7.61] 3.78 [1.75-8.08]
Anger, agression, short temper 115 (23.5) 1.95 [1.13-3.38] 2.16 [1.25-3.74]
Tension or irritability 159 (32.5) 2.14 [1.32-3.46] 2.32 [1.42-3.74]
Anxiety or nervousness 102 (20.9) 2.03 [1.13-3.67] 2.03 [1.13-3.63]
Physical
Generalized body aches 86 (17.6) 2.07 [1.13-3.78] 1.99 [1.09-3.63]
Abdominal bloating 182 (37.2) 2.44 [1.51-3.94] 2.56 [1.57-4.14]
Lower back pain 114 (23.3) 2.05 [1.11-3.82] 1.99 [1.07-3.71]
Fatigue 118 (24.1) 2.51 [1.44-4.39] 2.48 [1.42-4.35]
Breast tenderness 139 (27.8) 2.05 [1.19-3.56] 2.10 [1.20-3.67]
Swelling of hands or feet 30 (6.1) 1.93 [0.66-5.64] 2.51 [0.84-7.39]
Abdominal cramping 200 (40.9) 1.52 [0.98-2.34] 1.48 [0.95-2.27]
Headache 94 (19.2) 1.71 [1.01-2.89] 1.90 [1.13-3.19]
Insomnia 31 (6.3) 2.45 [0.96-6.23] 2.66 [1.04-6.82]
Acne 80 (16.4) 1.29 [0.66-2.53] 1.21 [0.61-2.39]
Appetite change 93 (19.0) 291 [1.51-5.58] 3.29 [1.70-6.42]
Any food cravings 171 (34.1) 1.86 [1.10-3.13] 1.97 [1.17-3.32]
Craving for chocolate 113 (23.1) 1.92 [1.06-3.49] 2.12 [1.17-3.82]
Craving for sweets 107 (21.9) 2.01 [1.14-3.56] 2.14 [1.21-3.78]
Craving for salt 72 (14.3) 2.28 [1.02-5.05] 2.80 [1.25-6.30]
Other food cravings 47 (9.6) 3.06 [1.35-6.89] 3.13 [1.39-7.10]

aAd]usted for age, education, passive and active smoking.

PNumber and percentage of cycles in which these symptoms were reported as moderate/severe during the premenstrual week.

In unadjusted analyses, high perceived stress was signifi-
cantly associated with a 2.66-fold increased risk of reporting
>5 and an almost 8-fold increased risk of reporting >8
moderate/severe perimenstrual symptoms. High stress was
significantly associated with a >2-fold increased risk of
moderate/severe PMS using either criterion 1 or 2. Adjust-
ment for age, education, passive and active smoking, and

WHLIR did not appreciably change these estimates, and results
were similar when assessing stress scores on a continuous
scale.

Most women (63%, n =148) had low stress preceding both
cycles, 16% (n = 38) had high stress preceding cycle 1 but low
stress preceding cycle 2, 11% (1 = 27) had low stress preceding
cycle 1 but high stress preceding cycle 2, and 9% (n =22) had

TABLE 3. PERCEIVED STRESS DURING PREVIOUS CYCLE AND RISK OF MULTIPLE MODERATE/SEVERE
PERIMENSTRUAL SYMPTOMS AND PMS, ODDS RATIOS AND 95% CONFIDENCE INTERVALS

High stress vs. low stress

Total stress score (continuous)

Unadjusted Adjusted® Unadjusted Adjusted®
n(%® OR 95%CI OR 95%CI OR 95%CI OR 95% CI
Number of moderate/severe symptoms
Risk of 8+ moderate or 81 (16.6) 7.77 [3.5-17.12] 7.17 [3.29-15.80] 1.46 [1.26-1.69] 1.45 [1.25-1.68]
severe symptoms vs. <8
Risk of 5+ moderate or severe 177 (36.2) 2.66 [1.64-3.13] 2.53 [1.55-4.14] 1.26 [1.16-1.37] 1.25 [1.15-1.36]
symptoms vs. <5
Moderate/severe PMS
Criterion 1° 149 (31.6) 2.05 [1.13-3.74] 2.08 [1.14-3.78] 1.19 [1.08-1.31] 1.20 [1.08-1.32]
Criterion 2¢ 114 (24.2) 251 [1.40-4.40] 249 [1.34-4.66] 122 [1.11-1.34] 1.22 [1.11-1.36]

aAd]usted for age, education, passive and active smoking, waist/height ratio.
PNumber and percent of participants reporting these symptoms as moderate/severe during the premenstrual week.
“Criterion 1= 3+ moderate/severe PMS symptoms, 1 of which is psychological, and total symptom severity score during premenstrual
week is at least 30% greater than the score durmg the week after menses.
dCriterion 2 =same as criterion 1, except requiring 5+ moderate/severe PMS symptoms to be present.

PMS, premenstrual syndrome.
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TABLE 4. CHANGING STRESS PATTERNS AND RISK OF > 8 MODERATE/SEVERE SYMPTOMS,
Obpps RATIOS AND 95% CONFIDENCE INTERVALS

Risk of >8 moderate/severe symptoms vs. <8*

8+ symptoms: n (%) Unadjusted Adjusted®
Stress pattern group n (%)° Cycle 1¢ Cycle 2¢ OR 95% CI OR 95% CI
Low stress both cycles 148 (63) 7% 10% 1.0 Referent 1.0 Referent
High stress cycle 1, low stress cycle 2 38 (16) 29% 5% 3.3 [0.9-11.4] 2.7 [0.8-9.5]
Low stress cycle 1, high stress cycle 2 27 (11) 18% 22% 52 [1.4-20.1] 5.1 [1.4-18.2]
High stress both cycles 22 (9) 27% 50% 25.0 [6.1-102.5] 21.8 [5.3-90.0]

aOdds ratios (ORs) for >8 moderate/severe symptoms were calculated across both cycles using mixed models.

" Adjusted for age, education, passive and active smoking, and waist/height ratio.
CNurnber and percentage of participants in each stress group (i.e., low stress both cycles).

4Percentage who reported >8 moderate/severe symptoms in each cycle within each stress group (i.e., low stress both cycles).

high stress preceding both cycles (Table 4). For women whose
stress levels increased or decreased from cycle 1 to cycle 2,
their symptom severity patterns appeared to follow their
stress levels. Among women whose stress levels decreased
from high (cycle 1) to low (cycle 2), the percentage who
reported >8 moderate/severe symptoms dropped from 29%
in cycle 1 to only 5% in cycle 2 (p =0.006). To a similar effect,
for women whose stress level increased from low (cycle 1) to
high (cycle 2), more women reported >8 symptoms during
the cycle that was preceded by high stress (22% vs. 18%).
Compared with those with low stress preceding both cycles,
women with high stress preceding both cycles were 25 times
more likely to report >8 moderate/severe symptoms
(p <0.0001).

Finally, high stress and total stress scores were positively
associated (p <0.0001) with increased symptom severity
scores for total, psychological, and physical symptoms in both
adjusted and unadjusted models (Table 5).

Results were unchanged in sensitivity analyses, where
participants (n = 21) were excluded who took the baseline PSS
>30 days before the first cycle clinic visit or after the first cycle
clinic visit, and there was no significant effect modification by
physical activity, age, or race/ethnicity (p > 0.20).

Discussion

In this longitudinal study, women with high stress in the
previous month were significantly more likely to report an
increased number and severity of perimenstrual symptoms in
the subsequent cycle. Changing stress levels across the two
cycles were associated with a changing pattern of symptom
severity. Among those whose stress levels changed from one
cycle to the next, more moderate/ severe symptoms were re-
ported during the cycle that was preceded by higher stress
levels. Although the sample size of the subgroups in this
analysis was small, this certainly suggests that stress patterns
may be associated with differing perimenstrual symptom
patterns. For those who experienced high stress levels pre-
ceding both cycles, it is possible there is a cumulative effect of
chronic stress on symptom severity, as 50% of these women
reported >8 moderate/severe symptoms in the second cycle,
up from 27% in the first cycle, although a longer longitudinal
study would be necessary to fully explore this relation-
ship. Furthermore, we are unable to differentiate the stress
measured in this study as either chronic or acute, and these
types of stressors may exert different effects on the menstrual
cycle.

TABLE 5. MIXED MODEL LINEAR REGRESSION OF STRESS SCORES DURING PrEVIOUs CYCLE
ON TorAL, PSYCHOLOGICAL, AND PHYSICAL SYMPTOM SEVERITY SCORES

Unadjusted estimates

Adjusted® estimates

Outcome/stress measure Beta® SE jou Beta® SE jou
Total symptom score
Total PSS score 0.052 0.008 < 0.0001 0.057 0.008 <0.0001
High stress vs. low stress 0.73 0.13 < 0.0001 0.78 0.12 <0.0001
Psychological symptom score
Total PSS score 0.039 0.005 <0.0001 0.043 0.005 <0.0001
High stress vs. low stress 0.53 0.08 < 0.0001 0.56 0.08 <0.0001
Physical symptom score
Total PSS score 0.039 0.007 < 0.0001 0.043 0.007 <0.0001
High stress vs. low stress 0.55 0.06 < 0.0001 0.60 0.11 <0.0001

aAd]usted estimates are adjusted for age, education, passive and active smoking.
Symptom severity scores were transformed with the square root. Beta estimates are on the transformed scale.

“p value calculated from mixed model linear regression.
SE, standard error beta.
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Our study is subject to several limitations. First, our as-
sessment of perimenstrual symptoms was based on a weekly
collection of symptoms rated for severity. We expect that re-
call of symptoms from the prior week is not subject to sub-
stantial recall error because of this limited time period.
Although gold standard diagnosis generally requires pro-
spective collection of daily symptoms for two cycles,*” most
previous studies of this association used monthly or yearly
recall of symptoms.**'™” Weekly symptom collection is an
alternative to daily collection that is thought to reduce par-
ticipant burden and increase compliance without involving
long-term retrospective recall.!! Furthermore, whereas retro-
spective assessments of PMS have been criticized for the po-
tential for participants to inflate the severity of symptoms,
these criticisms apply mainly to retrospective assessments
that reflect an entire menstrual cycle or several cycles and rely
solely on memory to differentiate between phases of the
cycle.*® The current study required women to recall symp-
toms over the past week and did not require women to recall
over multiple phases of the cycle. However, we acknowledge
the limitations associated with weekly reporting of perceived
symptom severity. To this end, it was not our intent to diag-
nose participants with overt PMS but to analyze and describe
the longitudinal association between stress and perimenstrual
symptom patterns.

In addition, it is possible there is a circularity to the asso-
ciation between high stress and high symptom severity, in
that stress may contribute to increased PMS symptom sever-
ity, which may in turn cause higher stress levels during the
premenstrual period. We attempted to minimize this poten-
tial bias, however, by using the stress measure from the
symptom-free interval (i.e., late follicular phase/early luteal
phase) that preceded the premenstrual time period as the
exposure. It is less likely that stress experienced during the
symptom-free interval could be fully attributed to PMS
symptoms. Finally, although our analysis is longitudinal by
design and the stress assessments preceded that of the peri-
menstrual symptoms, we cannot delineate causality nor fully
rule out reverse causality.

This study also has many strengths. Longitudinal analysis
allows for the determination of a temporal association be-
tween perceived stress and perimenstrual symptoms in the
next cycle, which previous cross-sectional studies were not
equipped to analyze. We were also able to examine the ef-
fects of changing stress levels on premenstrual symptom se-
verity. Our study was conducted exclusively among healthy,
reproductive-aged women with no psychological or other
chronic diseases, many of which conditions served as con-
founders in previous studies, as they mimic PMS symptoms.'!
Other studies included women on oral contraceptives or an-
tidepressant medications, often prescribed as a treatment for
PMS/PMDD and associated with decreased severity of
symptoms.**~! Finally, our study was able to time clinic visits
to specific phases of the cycle with the aid of fertility monitors
tracking hormone levels across the cycles.

Results from this longitudinal study add to results of a
small number of cross-sectional studies that have reported a
positive association between psychosocial stress and pre-
menstrual symptoms.441-475253 There has been only one
similar longitudinal study, and that study found that women
with high stress levels during the previous month, partic-
ularly during the follicular phase, had increased risk of
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dysmenorrhea (painful menstruation).>* In contrast, no pre-
dictive value of daily stress was found in a small cohort of
25 women with severe PMS, although the full range of se-
verity was not considered; there was no comparison group of
women without PMS; and estimates were not adjusted for
confounders.® Other studies have found that past traumatic
experiences were associated with greater severity of PMS
symptoms.”® Moreover, the percentage of cycles where at
least one moderate symptom was reported and the percent-
age classified as moderate/severe PMS in our study were
similar to those reported in other studies.”***”

It is not clear how stress may contribute to increased peri-
menstrual symptom severity, although stress-induced chan-
ges in ovarian hormone levels and neurotransmitters may be
involved. Stress has been shown to cause hormonal changes
through the HPO axis, causing alterations in ovarian hor-
mones that may render a woman more susceptible to men-
strual disorders.>® Alternatively, Rabin et al.”? and others®*°!
have suggested that PMS was related to an activation of the
hypothalamic-pituitary-adrenal (HPA) axis or a heightened
sensitivity to its function, in that those who are more sensitive
to increased cortisol are those who develop PMS.”® A third
potential mechanism relates to the impact of stress levels on
the neurotransmitters epinephrine, norepinephrine, and se-
rotonin, which have also been shown to be altered in women
with PMS.'®1%6%63 Woods et al.” found that increased corti-
sol levels were associated with increased fluid retention and
related symptoms (i.e., body aches, bloating, swelling, breast
tenderness) and that altered levels of norepinephrine and
epinephrine were associated with anxiety and mood-related
symptoms. Finally, it has also been suggested that the stressed
physiological state leads to a heightened sensitivity to an in-
creased severity of menstrual symptoms.®*

Overall, these results extend those of previous cross-
sectional studies suggesting that the severity of perimenstrual
symptoms may be stress-related. Results are likely general-
izable to populations similar to our healthy, reproductive-
aged women without diagnosed PMDD. Given the increased
direct and indirect healthcare and occupational costs associ-
ated with PMS,"? we agree with Wang et al.>* that stress re-
duction programs for reducing psychosocial stress may be a
potentially noninvasive and cost-effective method for PMS
relief compared with pharmaceutical treatments.
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