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Abstract

Background & Aims: Female sex hormones affect several non-reproductive organs but little is
known about their effects on the liver during a normal menstrual cycle. We aimed to investigate
the association between sex hormones and liver enzymes in healthy menstruating women.

Methods: We performed a post-hoc analysis of data from the BioCycle study, a longitudinal
cohort study designed to determine the association of sex hormones with markers of oxidative
stress during the menstrual cycle. We analyzed data collected from 259 menstruating women, over
1-2 menstrual cycles, who had as many as 16 separate office visits, timed by fertility monitors.
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Levels of liver enzymes, including alanine aminotransferase (ALT), aspartate aminotransferase,
and alkaline phosphatase (ALKP), bilirubin, and lipids were measured by laboratory assays.

Results: We found a natural cyclic pattern for liver enzymes, with transaminases and ALKP
peaking in the mid-follicular phase and reaching a trough in the late luteal phase; the peak to
trough differences were 4.0+4.9 U/L for ALT and 8.8+4.0 U/L for ALKP. Levels of ALT were
significantly and negatively associated with levels of progesterone on the preceding visit
(P=5x%10-4), whereas level of ALKP was negatively associated with level of estrogen (P=.007)
and progesterone (P=1x10-11). Food and alcohol intake did not modify the association. The
amplitude of ALT fluctuation was greater in African Americans and decreased with age.
Fluctuations in levels of ALT were smaller in women with a body mass indices >30 kg/m2
(P=.03). During menstrual fluctuation, 49% of participants had ALT values both above and below
the normal cut-off value (19 U/L).

Conclusions: Levels of liver enzymes fluctuate during the normal menstrual cycle, possibly
mediated by progesterone, and the fluctuation varies with age and body mass index. These
findings indicate the importance of accounting for phase of menstrual cycle when interpreting liver
enzyme measurements in menstruating women.
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Introduction

The female menstrual cycle comprises of a coordinated rhythmic fluctuation of hormonal
activity. Beyond the cyclic effect on reproductive organs, during the menstrual cycle there
are also changes to non-reproductive systems, for example body temperature,! bone? and the
immune system,3 with the main effectors appearing to be the steroid sex hormones estrogen
and progesterone. Recently, data from the BioCycle study demonstrated rhythmic
fluctuations in multiple nutritional and metabolic parameters.*-8

Sex hormones have been known to affect the liver, and particularly hepatic lipid metabolism.
The liver expresses estrogen receptor (ER) a, which, in response to estrogen (and possibly
progesterone), affects hepatic gene expression 2 and controls hepatic lipid metabolism.10
Ovarian dysfunction states such as Turner’s syndrome 11 or polycystic ovary syndrome 12
are associated with excess hepatic fat deposition, surgical oophorectomy increases the risk of
non-alcoholic fatty liver disease (NAFLD) 13 and menopause increases the severity of
fibrosis in women with preexisting non-alcoholic steatohepatitis (NASH).14 Furthermore,
treatment with the selective estrogen receptor modulator (SERM) tamoxifen is commonly
associated with an increase in liver enzymes and development of steatohepatitis.1®

Despite the breadth of information on the effects of steroid sex hormones on the liver in
various disease states, little is known regarding their interaction with the liver during the
menstrual cycle in healthy premenopausal women. We hypothesized that serum liver enzyme
activity will fluctuate during the menstrual cycle due to the effect of sex hormones on liver
fat metabolism.
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Methods
BioCycle study

This is a post-hoc analysis of data from the BioCycle study, a prospective longitudinal
cohort study designed to determine the association of sex hormones with markers of
oxidative stress during the menstrual cycle.” Briefly, 259 healthy premenopausal women,
aged 18-44, with a regular menstrual cycle were recruited. Exclusion criteria included the
use of hormonal contraceptives, pregnancy or breast-feeding, BMI>35, chronic use of
medications, alcohol or substance dependency and liver disease requiring treatment.”

Participants were provided with a urine-based fertility monitor and timed their visits
according to daily monitor prompts.” Visits were timed to the menstrual phase (approximate
day 2 of a 28-day cycle), mid-follicular (day 7), late follicular (day 12), luteinizing hormone
(LH) / follicle stimulating hormone (FSH) surge (day 13), ovulation (day 14), early luteal
(day 18), mid-luteal (day 22) and late luteal (day 27) for two consecutive cycles. During
each clinic visit, fasting blood was collected, as well as information from questionnaires and
diaries. The University at Buffalo Health Sciences Institutional Review Board (IRB) served
as the IRB designated by the National Institutes of Health under a reliance agreement and
approved the study, and all participants provided written informed consent.

Measurements

Liver enzymes, including alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and alkaline phosphatase (ALKP), bilirubin, and lipids were measured using standard
laboratory techniques.’ Insulin, progesterone, LH and FSH levels were measured using a
chemiluminescent enzyme immunoassay and estrogen levels were measured using a radio
immunoassay.

Baseline physical activity was assessed using the international physical activity
questionnaire (IPAQ) and nutrient intake using the food frequency questionnaire (FFQ). On
cycle visits, physical activity, medication use and alcohol intake were obtained from
participant diaries and nutrient intake from a 24-hour food recall questionnaire. Weight was
measured at each visit.

Statistical Analyses

To allow comparison between participants with different cycle lengths, all cycles were
normalized to a 28-day length and a standardized day was assigned to each visit according to
the days listed above (e.g. the LH surge visit was defined as standardized day 13 of a 28-day
cycle, even if it occurred on day 15 of a 32-day cycle).16

Liver enzyme and hormone levels were log-transformed for normality before statistical
analyses. Significance testing for differences of baseline parameters across BMI categories
was performed using chi-square or ANOVA, as appropriate.

The periodicity of liver enzyme levels and their association with fixed variables (collected at
baseline) was tested using nonlinear mixed regression models with harmonic terms that
model menstrual cycle patterns.1” The three parameters assessed by the models included: 1)
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mean level around which liver enzymes fluctuate across the cycle, 2) fluctuation amplitude,
and 3) phase shift.1” (Supplementary Figure 1). Review of prior literature and statistical
testing for confounding was used for identification of covariates.

Linear mixed-effects models were used to determine the association between time-
dependent changes in liver enzymes and sex hormones. We tested three different models of
possible association between liver enzymes and sex hormones. The first (“same-day”) model
compared liver enzyme levels with estrogen and progesterone levels drawn on the same day.
In addition, we determined the association between sex hormones on a given visit and liver
enzymes measured in the following visit to account for a possible lag-time in the effect of
hormones on liver enzymes (“lag model”). A third model (“slope model”) assessed the
association between the slope of change of sex hormones between two visits and liver
enzyme levels at the latter visit.

As a measure of individual “fluctuability”, we fit each participant’s ALT or ALKP values to
a sine wave model using least-squares nonlinear regression. The model R2 for each
individual was used as an estimate of how well her liver enzymes fit a cyclic pattern.

SPSS version 20.0 and SAS version 9.2 (SAS Institute, Cary, NC) were used for statistical
analyses.

Participant Characteristics

259 women participated in the BioCycle study. Four participants were excluded from the
analysis — one because of persistently elevated liver enzymes consistent with chronic
hepatitis and three for transient elevations >100 U/L, consistent with an episode of acute
hepatitis. The characteristics of the remaining 255 participants are detailed in Table 1. As
expected, women with a higher BMI had significantly higher ALT, ALKP, and triglycerides,
as well as a trend for higher cholesterol and lower HDL.

Liver Enzyme Changes Across the Menstrual Cycle

ALT and ALKP exhibited a cyclic pattern of fluctuation throughout the menstrual cycle,
peaking at the mid-follicular phase and reaching a trough at the late luteal phase (Figure 1)
with an average (per-subject) peak-to-trough difference of 4.0+4.9 U/L for ALT and 8.8+4.0
U/L for ALKP. Alkaline phosphatase activity started declining earlier than ALT in the
menstrual cycle, with a plateau during most of the luteal phase. A minimal notch-like
decrease in ALT levels of approximately 0.25 U/L was seen mid-ovulation (p=0.007 for the
difference between day 12 and 13). AST activity demonstrated mild changes that were not as
pronounced and hence, further analysis was limited to ALKP and ALT.

Harmonic regression confirmed a cyclic pattern, demonstrating an amplitude of fluctuation
that was markedly greater than zero for both ALT (p<107190) and ALKP (p<10-100),
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Association of Liver Enzyme Fluctuation with Sex Hormones

Given the cyclic fluctuations in liver enzymes and sex hormone levels (supplementary figure
2), we tested whether the two are associated, using linear mixed effects models. We tested
both a “same-day” model as well as the “lag model” accounting for a possible lag between
the change in sex hormone level and that of the enzymes. A third “slope model” was
examined but was non-contributory (data not shown).

ALT showed a negative association with same-day progesterone but not with same-day
estrogen (Table 2). Using the lag model, the association with progesterone was stronger in
magnitude and highly significant and a negative association was also seen with estrogen. On
a multivariate analysis including both estrogen and progesterone, estrogen was not
significantly associated with ALT (Table 2). Thus, ALT seems to be predominantly
associated with progesterone, where the rise in progesterone during the luteal phase is
driving a decline in ALT levels towards the end of that phase, and in contrast, the decrease in
progesterone levels with menses allows ALT to return to baseline.

ALKP was associated with progesterone only on the same day model, but on the lag model
was negatively associated with both estrogen and progesterone, in both the univariate and
the multivariate models (Table 2).

Since alcohol and food intake could potentially affect liver enzymes acutely, we performed a
multivariate analysis, controlling for both. Neither daily alcohol nor daily caloric intake
were significantly associated with daily liver enzyme levels, and their inclusion in the model
had a negligible effect on the magnitude and significance of the association with sex
hormones (Table 2). We performed a similar analysis limited to subjects with normal BMI
(=25 kg/m?2, n=163) which yielded results that are similar overall to the analysis with the
entire cohort (Supplemetary Table 1).

Baseline parameters associated with liver enzyme fluctuation

We used a harmonic regression analysis to determine which baseline parameters are
affecting the cyclic fluctuation of ALT and ALKP. Associations were tested with the mean
enzyme level around which the fluctuations occur (Supplementary Figure 1), the amplitude
of the fluctuation and its phase.

The mean level of ALT was significantly increased with increasing age, BMI and with the
use of non-acetaminophen painkillers (Table 3). Asian women had lower ALT mean level
and a trend towards a lower mean was seen in African-American women compared to white
women. The fluctuation amplitude of ALT was modified by age, with amplitude declining
by approximately 13% for each 1-year increase. African-American women had nearly
double the ALT fluctuation amplitude compared to whites (Table 3). The mean level of
ALKP was strongly associated with BMI and race but no parameter modified ALKP cyclic
fluctuations. Importantly, average alcohol consumption and the use of acetaminophen or
other painkillers during the menstrual cycle were not associated with the changes in liver
enzymes (Table 3).
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To rule out a dilutional effect (secondary to volume retention) as a cause for the decline in
liver enzymes at the end of the luteal phase, we analyzed the association between the percent
change in enzymes relative to baseline and the percent change in body weight during the
study period, which predominantly reflects volume changes. No association was seen
between weight change and liver enzyme change.

Effect of BMI on Individual Fluctuations of ALT

As previously noted, a higher BMI was associated with a higher mean level of ALT and
ALKP (Figure 2). Interestingly, the cyclic fluctuation pattern of ALT appears to be lost with
a higher BMI category (Figure 2a), whereas BMI does not exert a similar attenuating effect
on the flucating pattern of ALKP (Figure 2b).

We assessed the “fluctuability” in each individual participant by how well her liver enzymes
fit a sinusoidal cyclic pattern. ALT levels were less likely to follow a sine pattern in
participants with a BM1>30, resulting in significantly lower individual fluctuability R?
values (Figure 2c, p=0.025), and a trend towards lower amplitude of fluctuation (Figure 2d,
p=0.059). No differences in ALKP fluctuability were seen between BMI groups.

The loss of ALT fluctuation with higher BMI could be due to obesity itself, or due to
underlying non-alcoholic fatty liver disease (NAFLD), which is commonly associated with
obesity. As liver imaging studies to diagnose NAFLD were not performed in the test we
utilized the mean ALT as a surrogate marker. The cyclic pattern of ALT through the
menstrual cycle persisted for subjects across different categories of mean ALT, suggesting
that underlying liver disease does not explain the loss of rhythmicity with high BMI
(Supplementary Figure 3).

Proportion of Abnormal ALT

Although local laboratory reference ranges vary widely, the normal ALT for women is
considered to be <19 U/L.18 Of the 210 women who had a normal ALT at baseline, 90
(43%) had at least one measurement that was abnormal and 72 (37%) had more than 25% of
abnormal ALT values. Similarly, in the 43 women with baseline levels >19 U/L, 33 (77%)
had at least one normal ALT value. As expected, women with >25% of abnormal ALT
values had a higher average BMI (25.1+4.3 vs. 23.843.7 kg/m?, p=0.027). Overall, 124
women (49%) had ALT values that fluctuated both above and below the normal cutoff
during the study period.

Discussion

Reproductive hormones have been shown to influence organs beyond the reproductive
system.8: 19-22 Using data from BioCycle, the largest prospective study investigating
multiple biochemical measurements in healthy menstruating women,’ we identified a
rhythmic fluctuation of liver enzyme levels during the menstrual cycle that is tightly
associated with the fluctuations in sex hormone levels.

We found that ALT and AST peak at the mid-follicular phase and reach a nadir just prior to
menstruation; ALKP follows a similar pattern but is at nadir through most of the luteal
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phase. Alkaline phosphatase is predominantly expressed in the liver and bone, but it can also
be derived from other tissues.23: 24 Thus, the ALKP fluctuations observed in our study may
not reflect a liver origin and could represent subtle changes in sex hormone-sensitive tissues
such as endometrium or cervical epithelium. In contrast, the changes in ALT level likely
represent a hepatic source. ALT fluctuations appear to be driven predominantly by the rise in
progesterone at the luteal phase, which induces a nadir in ALT levels just prior to
menstruation. As progesterone levels rapidly fall at the end of the cycle, the inhibitory effect
on ALT disappears and ALT levels recover and return to baseline. In contrast, the changes in
estrogen levels do not affect ALT independently of progesterone.

There are several potential mechanisms to explain the association between sex hormones and
ALT levels during the menstrual cycle. First, a purely dilutional effect secondary to water
retention could be considered. However, this was ruled out by the absence of association
between ALT and changes in weight (that mostly reflect volume changes) throughout the
study period. A change in ALT driven by the use of acetaminophen, other pain killers,
alcohol or caloric consumption was also ruled out. Finally, a direct effect of sex hormones
on hepatocytes could be postulated. Konstandi et al® identified cyclic changes in hepatic
gene expression in a female mouse model during the estrous cycle. Of note, fluctuations
were noted in the levels of several transcription factors including Srebp-1c, a major regulator
of hepatic lipogenesis. Furthermore, the gene expression changes in response to sex
hormone fluctuations appeared to be driven in part through modulation of hepatic insulin
signaling. Thus, it is plausible that the fluctuations in ALT reflect an intrinsic effect of sex
hormones on the liver, possibly via subtle changes in hepatic fat content.

The association between progesterone and the attenuation in ALT fluctuation is somewhat
surprising as hepatocytes do not express the progesterone receptor,2® 26 although they do
express the estrogen receptor. However, there is clear evidence for an effect of progesterone
on hepatocyte function. Progesterone/progestin-based hormone replacement therapy in high
doses can induce elevated transaminases.2’ In patients with halothane-induced liver injury,
higher serum progesterone levels correlate with more severe liver injury, whereas serum
estrogen levels appears protective against such insult.28 Furthermore, in the murine model
mentioned above,? progesterone supplementation to ovariectomized animals led to expected
changes in hepatic gene expression. The attenuated amplitude of ALT fluctuation seen in
obese women with BMI>30 also supports our hypothesis that progesterone modulates ALT
level as this same obese cohort was previously shown to have lower levels of progesterone
compared to normal weight women (BMI<25).2! Similarly, the correlation between older
age and variation in ALT amplitude may be explained by age-related changes in
progesterone levels.2? The exact mechanism by which progesterone affects ALT fluctuation
is unclear, and especially whether it is through a direct effect on the liver or indirectly
through modulation of other pathways.

The normal physiological cycling of ALT and its association with sex hormones is present in
normal weight women (Supplementary Table 1). However, with increased obesity, we found
loss of this cyclic pattern, which could be postulated to be due to obesity itself modulating
the sex hormones (as shown in this cohort?1) or could be due to modulation of the hepatic
response to the sex hormones by underlying NAFLD. The BioCycle trial did not collect
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imaging data to allow us to identify subejects with pre-existing NAFLD nor did it collect all
of the values needed to calculate surrogate indices such as the fatty liver index (FLI)30.
Instead, we used mean ALT itself as a surrogate marker of the presence of liver disease and
found that ALT fluctuations over the menstrual cycle persist irrespective of basal ALT levels,
hinting that obesity, rather than NAFLD, is a modulating factor of the fluctuability of ALT.

Cyclic changes in transaminases and ALKP, albeit small in magnitude, could have
significant implications and we found that nearly half of the study participants had both
normal and abnormal ALT levels within two menstrual cycles. Abnormal liver enzyme tests
typically lead to workup and referral to specialists. Furthermore, liver enzymes are often
tested routinely to monitor safety of medications in practice or in clinical trials. Finally, ALT
and AST are components of several indices of liver disease severity that can be used to
triage patients with NAFLD for hepatology referral, such as FIB-431 or the low ALT
clinically significant NAFLD (LACSNA) score.32 Thus, recognition of the normal cycle-
associated pattern in women is essential; when liver enzymes are mildly elevated in the
middle of a menstural cycle, repeating the test at the end of the cycle or early menstruation
could help avoid unnecessary referral and workup, especially in women with normal BMI.

A major strength of our study is that it is the largest cohort of its kind, with high frequency
of prospective follow-up compared to other studies of menstrual cycle-related biochemical
fluctuation. Zlontik et al performed a similar study of liver enzyme fluctuations, comparing
45 healthy women to 31 men at 4 time points over a one month period,33 but their study had
a smaller sample size, no measurement at nadir (day 27), no data on weight, and remarkably
low variation in standard deviations between subjects. Another strength is the use of fertility
monitors to time visits, allowing for synchronization and correct assessment of the
association between liver enzymes and phases of the menstrual cycle. Although our study
clearly demonstrates the natural fluctuation of liver enzymes during the menstrual cycle, it is
not able to conclusively determine the mechanism leading to that fluctuation and whether it
truly reflects subtle changes in liver fat content. The other limitation is the aforementioned
inability to rule out preexisting NAFLD.

In conclusion, our findings show that in healthy women there exists a menstrual fluctuation
in transaminases which associates with sex hormone levels. Our data also reflects the
importance of retesting transaminase levels in reproductive-age women if mildly abnormal,
to account for the menstrual-associated variation. To understand the precise mechanism of
progesterone on the liver physiology, future investigations involving imaging or mechanistic
studies in animal models are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Need to Know
Background:

Sex hormones have effects on extra-gonadal organs, but little is known about their effects
on the liver.

Findings:

Levels of transaminases and alkaline phosphatase fluctuate rhythmically during the
menstrual period; levels of alanine aminotransferase associate with levels of progesterone
measured few days earlier. The fluctuation in level of alanine aminotransferase level is
decreased in obese women.

Implications for patient care:

Abnormal increases in levels of transaminases and alkaline phosphate in otherwise
healthy menstruating women should prompt repeat testing at the end of a menstrual
cycle.
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Figure 1 - Liver enzyme activities across the menstrual cycle.
Lines denotes mean and error bars, SEM. Alk. Phos, alkaline phosphatase; ALT, alanine

aminotransferase; AST, aspartate aminotransferase.
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Figure 2 — Impact of BMI on liver enzyme fluctuations.
Temporal variation of ALT (A) and alkaline phosphatase (B) throughout the menstrual cycle

by BMI category. Lines denotes mean and error bars, SEM. (C) The ability to fit each
subject’s ALT to a sine wave (by individual R2) according to BMI category. Mean+SEM.
(D) Individual amplitudes of ALT by BMI category. Mean+SEM. ALKP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index.
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Table 1 —

Participant characteristics overall and stratified by BMI

Total BMI<25 | BMI25-30 | BMI=30 | P-value
n 255 163 66 26
Age (years) 27.4+8.2 26.4£7.9 29.5+8.6 28.4+8.3 0.02
Race 0.16

White 152 (60%) | 94 (58%) 41 (54%) 17 (65%)

African-American 49 (19%) 27 (17%) 16 (21%) 6 (23%)

Asian 54 (21%) 42 (26%) 19 (25%) 3 (12%)
Acetaminophen Use 60 (24%) 36 (22%) 18 (24%) 6 (23%) 0.70
Other pain medication 105 (41%) 60 (37%) 32 (42%) 13 (50%) 0.17
Energy intake *(Kcal /d) 1610+383 1607+360 1610+405 1636+459 0.93
Alcohol consumption *(drinks/d) 0.38+0.7 0.35+0.6 0.38+0.7 0.55+0.8 0.38
ALT f(u/L) 16.617.0 15.846.0 17.8+8.4 19.0+8.2 0.007
ALKP f(u/L) 51.5+14.3 49.6+13.2 51.5+15.2 63.7+12.6 <0.001
HDL f(mg/dL) 50.0+11.5 51.3+11.3 48.3+11.1 46.4+12.5 0.065
Total Cholesterol f(mg/dL) 163.4+29.0 | 160.2+25.1 | 167.1+33.6 | 174.2+35.1 | 0.06
Triglyceridesf(mg/dL) 59.3+28.0 54.8+25.3 66.3+29.0 70.7£35.4 0.002
Bilirubin f(mg/dL) 0.8+0.3 0.8+0.3 0.8+0.3 0.7+£0.3 0.65

*
Averaged across all visits

fVaIues from first visit

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 August 01.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lai et al.

Table 2 -
Association of ALT and ALKP with sex hormones
Multivariate adjusted3
Coefficient | p-value | Coefficient | p-value | Coefficient | p-value
ALT Same-time Model
Estrogen 0.002 0.59 0.005 0.21 0.01 0.14
Progesterone -0.004 0.023 -0.006 0.011 -0.009 0.013
Lag Model
Estrogen -0.014 0.0003 -0.007 0.069 -0.009 0.16
Progesterone -0.015 6X10712 | -0.014 8X10710 | -0.014 0.0005
ALKP | Same-time Model
Estrogen 0.0008 0.72 0.008 0.0004 0.008 0.03
Progesterone -0.012 1X107% | -0.013 2X10728 | -0.014 8X10713
Lag Model
Estrogen -0.018 8X10716 | -0.011 2X1076 -0.009 0.007
Progesterone -0.017 1X10740 | -0.015 2X10731 | -0.016 1x10711

1. . . . Lo
Univariate models including either estrogen or progesterone

2 . .
Multivariate model including both estrogen and progesterone

Multivariate model including both estrogen and progesterone, adjusted for daily alcohol consumption and daily caloric intake
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Table 3 -

Baseline parameters affecting liver enzyme fluctuation

ALT Mean Level Fluctuation Amplitude | Phase Shift
Coefficient | p-value | Coefficient | p-value | Coefficient | p-value
Age 1.0047 0.01 0.8743 0.025 0.0973 0.019
African American race vs. White | 0.9283 0.059 1.9160 0.021 1.1156 0.5411
Asian race vs. White 0.8647 0.0002 0.6134 0.40 1.2672 0.5346
BMI 1.0111 0.005 0.9392 0.12 -0.0807 0.0036
Average caloric consumption 1.0000 0.14 1.0002 0.08 -0.0003 0.11
Average alcohol consumption 1.0039 0.13 0.5650 0.37 0.5075 0.31
Acetaminophen 1.0354 0.34 1.2505 0.46 0.1636 0.42
Pain killers 1.0650 0.043 0.7437 0.35 -0.2495 0.20
ALKP Mean Level Fluctuation Amplitude Phase Shift
Coefficient | p-value | Coefficient | p-value | Coefficient | p-value
Age 0.9966 0.062 0.9935 0.47 -0.0110 0.051
African American race vs. White | 1.0987 0.0146 0.7476 0.2049 1.1311 0.3850
Asian race vs. White 0.9228 0.0315 0.9554 0.7957 1.0801 0.4868
BMI 1.0188 6X1077 | 0.9690 0.11 -0.0253 0.046
Average caloric consumption 1.0000 0.51 1.0001 0.58 0.0000 0.97
Average alcohol consumption 0.9986 0.36 1.0681 0.11 0.0030 0.92
Acetaminophen 0.9610 0.26 1.1953 0.25 0.1044 0.28
Pain killers 1.0028 0.93 0.8321 0.22 -0.1590 0.09
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