1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 June 01.

-, HHS Public Access
«

Published in final edited form as:
Clin Gastroenterol Hepatol. 2021 June ; 19(6): 1267-1274.e1. doi:10.1016/j.cgh.2020.09.045.

Testosterone is Associated With Nonalcoholic Steatohepatitis
(NASH) and Fibrosis in Pre-Menopausal Women With NAFLD

Monika Sarkar, MD, MAS?, Ayako Suzuki, MD, PhD?, Manal Abdelmalek, MD2, Katherine
Yates, ScM3, Laura Wilson, ScM3, Nathan M Bass, MD, PhD#, Ryan Gill, MD, PhD?, Marcelle
Cedars, MD®, Norah Terrault, MD® NASH Clinical Research Network (NASH CRN)

lUniversity of California, San Francisco (UCSF), Division of Gastroenterology and Hepatology,
San Francisco, California. 2Duke University, Division of Gastroenterology and Hepatology,
Durham, North Carolina. 3Johns Hopkins University, Department of Epidemiology and
Biostatistics, Baltimore, Maryland. “University of California, San Francisco (UCSF), Division of
Gastroenterology and Hepatology, San Francisco, California. SUCSF, Department of Obstetrics
and Gynecology, Division of Reproductive Endocrinology, San Francisco, California. 8University of
Southern California, Division of Gastroenterology and Hepatology, Los Angeles, California.

Abstract

Background: Higher testosterone contributes to imaging-confirmed nonalcoholic fatty liver
disease (NAFLD) in women, but whether testosterone influences their disease severity is
unknown.

Methods: The association of free testosterone (free T) with nonalcoholic steatohepatitis (NASH)
was determined in pre-menopausal women with biopsy-confirmed NAFLD (n=207). Interaction
testing was performed for age and free T given decline in testosterone with age, and association of
aging with NASH. Regression models adjusted for abdominal adiposity, diabetes, and
dyslipidemia.

Results: Median age was 35 yrs (IQR 29-41); 73% were white, 25% Hispanic; 32% had
diabetes, 93% abdominal adiposity, and 95% dyslipidemia. 69% had NASH, 67% any fibrosis, and
15% advanced fibrosis. Higher free T levels were associated with NAFLD severity in younger
women (interaction p values <0.02). In the youngest age quartile, free T was independently
associated with NASH (OR 2.3, 95% CI 1.2-4.4), NASH fibrosis (2.1, 95% CI 1.1-3.8), and higher
fibrosis stage (OR 1.9, 95% CI 1.1-3.4), p values < 0.02. In these women, the proportion with
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NASH (from 27% to 88%) and NASH fibrosis (from 27% to 81%) steadily rose with higher free T
quartiles (p<0.01). Free T was additionally associated with abdominal adiposity among all pre-
menopausal women (OR 2.2, 95%CI 1.2-4.1, p=0.015).

Conclusions: In young women with NAFLD, higher testosterone levels conferred a two-fold
higher risk of NASH and NASH fibrosis, and increased risk of abdominal adiposity, supporting a
potential mechanistic link of abdominal fat on testosterone-associated liver injury. Testosterone
may represent an early risk factor for NASH progression in young women, prior to their onset of
more dominant, age-related metabolic risk factors.

Keywords

androgens; hepatic inflammation; sex hormones; nonalcoholic fatty liver disease; abdominal
adiposity

INTRODUCTION:

Nonalcoholic fatty liver disease (NAFLD) occurs in 25-30% of individuals globallyl, and
the epidemiologic landscape of NAFLD is shifting, with a growing number of women and
young adults now affected.23 The most rapid rise in incident NAFLD is among those under
40 years of age?, and consequently cirrhosis from nonalcoholic steatohepatitis (NASH) is
the most rapidly growing indication for transplant in young adults.2 Moreover, compared to
men, female patients are disproportionately affected by nonalcoholic steatohepatitis (NASH)
56 with higher risk of progression to cirrhosis and end-stage liver disease.3 To date there
remain no approved drugs for treatment of NASH and there is urgent need to identify
modifiable risk factors for NASH, particularly in young women.

Testosterone, traditionally considered a “male” sex hormone, plays important physiologic
roles in women, including effects on metabolic health. Importantly, testosterone has well
established sexually dimorphic effects on metabolic disease, with testosterone deficiency in
men promoting diabetes and visceral adiposity, whereas higher testosterone levels are
associated with these risks in women.”-10 We and others have further shown that unlike in
men112 higher testosterone levels in young women increase their risk for NAFLD1314,
independent of other metabolic risk factors. Whether testosterone also contributes to liver
injury (i.e. NASH) in young women with NAFLD, is not known. If identified, testosterone
may serve as a potential therapeutic target for NAFLD in women.

To address existing knowledge gaps, we evaluated the association of free testosterone
measured in pre-menopausal women from the multicenter NASH Clinical Research Network
(NASH CRN) on biopsy-confirmed findings of NAFLD, including presence of NASH and
NASH fibrosis.

METHODS:

Study Design and Patient Population-

Pre-menopausal women (n=210) in the multicenter NASH Clinical Research Network
(NASH CRN) were selected at random to include the full spectrum of NAFLD, from simple
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steatosis to NASH with varying severity of fibrosis. Women older than the average national
age at menopause (> 51 years)1® who reported no menstrual periods within the past 5 years
were excluded (n=3) to ensure no inadvertent inclusion of post-menopausal women.

Study predictors:

Our primary predictor was free testosterone (free T) measured from banked serum within 6
months of liver biopsy. Free testosterone was analyzed in quartiles to manage outliers.

Histologic outcomes:

All biopsies were centrally evaluated by a panel of NASH CRN pathologists. Liver biopsy
was assessed for steatosis, NAFLD Activity Score (NAS) and fibrosis. The NAS is a
composite score ranging from 0 to 8 points composed of steatosis (0-3), hepatocyte
ballooning (0-2) and lobular inflammation scores (0-3).16 Fibrosis stage ranged from 0-4,
and advanced fibrosis was defined as stage 3 or 4 disease. The presence of NASH was
categorized as definite, possible/borderline, or absent based on central NASH CRN
pathology review. Our primary study outcomes were 1) presence of definite or borderline
NASH (as compared to nonalcoholic fatty liver (NAFL)) and 2) presence of any fibrosis
(stage 1 or greater versus stage 0).

Cohort characteristics and covariates:

Demographics included age, race, and ethnicity. Metabolic risk factors were captured from
most recent timepoint within 6 months of biopsy, including body mass index (BMI), waist
circumference, fasting lipids (low-density lipoprotein (LDL), high-density lipoprotein
(HDL), and triglycerides), and homeostatic model assessment for insulin resistance
(HOMA-IR). Hypertension and type 2 diabetes mellitus (DM2) reflected self-report of ever
having this diagnosis. Abdominal adiposity was defined as > 88cm and dyslipidemia defined
as triglycerides >150mg/dL, HDL < 50mg/dL, and/or LDL >100mg/dL. Polycystic ovary
syndrome (PCOS) was determined by self-report, and separately considered as “suspected
PCOS” if women had elevated free testosterone levels (>10pg/mL17) and report of irregular
or rare menstrual periods within the past 5 years.18

Sex hormone assays:

Total testosterone was measured using the gold standard methodology of liquid
chromatography tandem mass spectrometry. The sensitivity of the testosterone assay (limit
of quantification) was 0.0024 ng/ml. Sex hormone binding globulin (SHBG) concentrations
were measured by Quantikine enzyme immunoassay (R&D Systems) with intra-assay
coefficient of variation (CV) of 9.71%, assay sensitivity of 0.006 nmol/L and the inter-assay
CV of 7.45%. These measures were performed by the Assay Services at the Wisconsin
National Primate Research Center. Free testosterone was calculated by validated equation
using measured total testosterone and SHBG levels.19:20

Statistical Analysis:

The primary multivariate models included covariates selected a priori based on known
associations with the study outcome (age, diabetes, dyslipidemia, and abdominal adiposity).
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Logistic regression was used to assess the association between testosterone and presence of
NASH (versus NAFL) and presence of any fibrosis (versus none), while ordinal logistic
regression was used to assess the association with severity of fibrosis, ranging from stages
0-4. P-values < 0.05 were considered statistically significant.

Interaction testing between age and free testosterone was performed given the physiologic
decline of testosterone levels with age in pre-menopausal women?!, and the established
association of aging with NAFLD severity. P-values < 0.05 were also considered statistically
significant for interaction terms. Study outcomes were then analyzed by quartiles of age due
to identified age by testosterone interactions. Test of trend was performed to evaluate the
proportion of women with NASH and NASH fibrosis by free testosterone quartiles. Formal
mediation analysis (Stata mediation package)?2 was performed to evaluate the association of
metabolic co-morbidities on the association of free testosterone with study outcomes.

In a post-hoc analysis, we additionally performed binary logistic regression models to
explore the association of free testosterone with metabolic co-morbidities (DM2, abdominal
adiposity, and/or dyslipidemia) as potential pathways by which testosterone may affect
NAFLD disease severity. To determine whether observed findings were driven by presence
of PCOS, we additionally performed sensitivity analyses following exclusion of women with
self-reported or suspected PCOS as defined above. All analyses were conducted using Stata
15.0

Cohort characteristics

This study included 207 pre-menopausal women with biopsy-confirmed NAFLD with a
median age of 35 years (IQR 29-41); 73% were White and 25% Hispanic (Table 1). Most
women were obese (81%), had abdominal adiposity (93%), and dyslipidemia (96%), while
32% had DM2, and 31% had hypertension. Twenty-one percent of women had self-reported
PCOS. Median free T was 3.6 pg/mL (IQR 1.9-5.4) and median total testosterone level was
210 pg/mL (IQR 120-290), with steady decline with increasing age (test of trend p values
<0.04). Two thirds of women had borderline or definite NASH (69%) and 67% had evidence
of fibrosis (91% among those with NASH). Advanced fibrosis (stages 3-4) was present in
15% of all women and in 20% of women with NASH. Characteristics by age included lower
LDL levels, less hypertension, and a higher proportion of women with PCOS in the
youngest compared to the oldest age quartiles (Supplemental Table 1).

We identified a significant interaction between quartiles of age and free T on presence of
NASH (OR 0.69, 95% CI 0.53-0.91, p=0.007) and NASH fibrosis (OR 0.71, 95% CI
0.55-0.93, p=0.012), indicating a more positive association of free T on histologic outcomes
with decreasing age. Stratified by age, the association of free T with histologic outcomes
was driven by the testosterone effect among women in the youngest age quartile (median age
25 years, IQR 22-27) (Table 2), while this effect was not seen in older age groups. Likewise,
among women in the youngest age quartile, the proportion with NASH and with NASH
fibrosis steadily increased from 27% to 88%, and 21% to 81%, respectively (p values <0.02)
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with increasing quartiles of free T (Figure 1), though differences by free T were not seen in
older age groups (p values =0.5).

Given the higher proportion of women with PCOS in the youngest versus oldest age
quartiles, we also explored whether exclusion of self-reported and suspected PCOS may
alter findings. Though sample size was limited (n=39), the association of free T with any
NASH (adjusted OR 2.28, 95% CI 1.06-4.93, p=0.035) and NASH fibrosis (adjusted OR
1.97, 95% CI 1.03-3.79, p=0.041) persisted (Table 3).

We conducted several post-hoc analyses to better understand how testosterone may promote
NAFLD severity. First, we analyzed the association of free T with key metabolic risk factors
for NAFLD severity including abdominal obesity, DM2, and dyslipidemia. Adjusted for age,
there was no association of free T with DM2 or dyslipidemia (Table 4). However, there was
a strong association of free T with abdominal adiposity, including after adjustment for age,
dyslipidemia, and DM2 (OR 2.16, 95% CI 1.22-3.81, p=0.007). Moreover, there was no
interaction between age and free T on presence of abdominal adiposity (p=0.572) indicting
that the association of free T with abdominal obesity persisted across age groups of pre-
menopausal women.

We then conducted formal mediation analyses to determine whether the effect of free T on
NASH or NASH fibrosis in the youngest age quartile of women was mediated, or explained
by, the presence of metabolic comorbidities. The estimated mediating effect of abdominal
adiposity on the relationship between free T and NASH was approximately 9.5% (95% CI
0.5.6-36.9%) with wide confidence intervals in light of small sample size. A similar
mediating effect of 9.5% (95% CI 0.5.5-35.7%) was noted for DM2, with a minimal
mediating effect for dyslipidemia of 1.7% (95% CI 0.9-6.8). Slightly lower mediating effects
were seen for abdominal adiposity and DM2 on the relationship between free T and NASH
fibrosis, with estimated effects for abdominal adiposity of 7.9% (95% 4.9-28.0), and for
DM2 of 7.1% (95% CI 4.3-25.4). There was again a minimal effect of dyslipidemia at 1.2%
(95% CI 0.7-4.6).

We additionally re-ran our final models among women in the youngest age quartile using
HOMA-IR instead of DM2, and continuous measure of waist circumference instead of
abdominal obesity. These point estimates remained consistent for study outcomes, though
with attenuation of the p value for NASH fibrosis from 0.02 to 0.07. (Supplemental Table 2).

DISCUSSION:

Prior studies have demonstrated an association between testosterone and imaging-confirmed
steatosis in women, and to our knowledge this is the first study to evaluate the association of
testosterone levels with histologic measures of NAFLD severity in women. Leveraging the
multi-center NASH CRN cohort of pre-menopausal women with biopsy-confirmed NAFLD,
we found a more than two-fold higher risk of NASH, as well as NASH fibrosis, with
increasing quartiles of free T, independent of metabolic risk factors. Importantly, there was a
striking interaction between age and free testosterone on histologic outcomes, with findings
driven by the association of free testosterone with NAFLD histology in the youngest age
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quartile. Given the rising risk of NASH in young adults and women, the current findings
may offer a key modifiable risk factor for disease progression in young women.

Sexually dimorphic effects of testosterone on metabolic disease are well recognized, as
testosterone deficient men have greater risk for diabetes and visceral adiposity, as well as
NAFLD and NASH fibrosis.”8:10-12 |n contrast, higher testosterone levels in women
promote diabetes’10, visceral adiposity?3:24, and hepatic steatosis'3-14:25, with our current
findings now demonstrating the association of testosterone with significant liver injury in
young women. While our study focused on pre-menopausal women, a recent large Korean
study evaluated the association of higher levels of testosterone with ultrasoundassessed
NAFLD by menopausal status.1? The authors found consistent findings in pre-menopausal
women, with no apparent association of testosterone with NAFLD in postmenopausal
women. Expanding upon prior data, our study shows an increased risk of histologically-
confirmed NAFLD severity with higher testosterone levels, while also highlighting
differences by age, within a pre-menopausal population. While the reasons for this age effect
are not clear, testosterone levels do decline with aging in pre-menopausal women?1, and
higher levels seen in the youngest group of women may help to set the stage for liver disease
progression, prior to their onset of more dominant metabolic comorbidities that come with

aging.

Most data on the association of testosterone with metabolic disease in women derive from
populations with PCOS, a common, and classically hyperandrogenic condition.2 Androgens
are an established risk factor for more severe metabolic features in women with PCOS25,
including more severe hepatic steatosis in women with hyperandrogenic PCOS as compared
to the less common PCOS phenotype marked by normal androgens.2® In the current study
21% (n=43) of pre-menopausal women had self-reported PCOS, which was more common
in the youngest as compared to the oldest age quartile. While it is possible that a higher
prevalence of PCOS in younger women contributed to observed differences by age, several
lines of evidence suggest that our findings are not limited to women with PCOS. Prior data
from the Coronary Artery Risk Development in Young Adults cohort!4, as well as the recent
large Korean cohort!3, demonstrate a clear and independent association of testosterone with
imaging-confirmed NAFLD in pre-menopausal women, including among women with
normal range testosterone levels. In our current study, we did explore whether exclusion of
women with self-reported or suspected PCOS by laboratory criteria and menstrual history
would alter our findings. Although our sample size was limited, the association of free T
with NASH and NASH fibrosis remained statistically significant following exclusion of
PCOS. While PCOS was present in only 8% of women in the oldest age quartile, the
proportion with PCOS in the first three age quartiles remained over 20%. These data
therefore support a role of testosterone on histologic NAFLD severity that also extends
beyond young women with androgen excess.

Current findings do raise the possibility of studying anti-androgen therapy as a novel therapy
for NASH in young women. In mouse models of NAFLD, the anti-androgenic drug
spironolactone, has been shown to improve hepatic triglycerides, serum lipid levels, as well
as NASH histology.2’ In a randomized controlled trial of NAFLD, 12 months of vitamin E
plus spironolactone compared to vitamin E alone improved markers of hepatic steatosis and
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insulin resistance.?8 In women with PCOS, spironolactone also improves insulin resistance,
lipid profiles, and free fatty acid levels.2%30 These data underscore the need for dedicated
evaluation of testosterone as a potential therapeutic target for NASH in young women.

The mechanisms by which testosterone may promote liver injury in women are likely
multifactorial, though may relate to known androgenic effects on visceral adiposity. In a
prior study we found that the relationship between testosterone and imaging-confirmed
NAFLD in women was in large part mediated, or explained by, imaging-quantified visceral
adiposity.1* In the current study, where waist circumference was used as a measure of
abdominal adiposity, the mediating effect was modest. However, our post-hoc analyses
demonstrated a strong association of testosterone with abdominal adiposity, which persisted
among all pre-menopausal women. These findings are consistent with clinical observations
of women taking exogenous testosterone?4 including exogenous testosterone use in healthy
young female to male transgender patients who preferentially redistribute fat from
subcutaneous to visceral stores.23 In a randomized controlled trial of flutamide, a selective
androgen receptor blocker, obese women with PCOS also experienced a reduction in
visceral fat volume3!. Thus, androgen-associated visceral adiposity might be an important
contributing factor to NAFLD/NASH in women.

Visceral adiposity is an established risk factor for NASH progression, and acts through
several established mechanisms including increasing insulin resistance, aberrant adipokine
activity, systemic inflammation, as well as lipotoxicity.32-34 In the current study, adjustment
for HOMA-IR as a measure of insulin resistance did not alter the point estimates for
NAFLD severity, suggesting that findings were not explained by this pathway. Interestingly,
data from PCOS populations do highlight a direct role of androgens of increased systemic
lipotoxicity, with hyperandrogenic PCOS patients having increased circulating levels of
glycerophospholipids and lysoglycerophospholipids.3® These lipid species have been
separately implicated in NASH-associated liver injury36, supporting the need for
mechanistic studies to evaluate the relationship between androgens, visceral-fat, and liver
injury in women with NASH.

There were some limitations and notable strengths of the current study. Our overall sample
size was modest, and while findings were most pronounced in younger women, it is not
clear whether larger sample size would have facilitated the detection of androgen-associated
effects in older subgroups of pre-menopausal women. Likewise, women with PCOS
represent a common, and established at-risk group for NAFLD/NASH, though limited
numbers constrained our ability to separately study this population. As stated, visceral
adiposity may be an important link between androgens and NAFLD in women, though
imaging quantification of visceral fat was unavailable, thus waist circumference was used as
a measure of abdominal adiposity. Despite these limitations, several strengths are
noteworthy. Our study leverages the multi-center NASH CRN cohort which includes central,
standardized review of liver biopsies, as well as comprehensive serologic and clinical
measures of metabolic disease. Testosterone concentration was also measured using gold
standard methodology of liquid chromatography tandem mass spectrometry, avoiding
inaccuracy issues of commonly employed immunoassays.3’
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In conclusion, we identified a strong association of higher testosterone with the presence of
NASH and NASH fibrosis in younger pre-menopausal women, and separately identified the
association of testosterone with abdominal adiposity across all pre-menopausal women with
NAFLD. These data indicate the importance of considering chronologic and reproductive-
aging on the relationship between testosterone and NAFLD in women, and support the role
of testosterone as an early, and potentially modifiable risk factor for NASH progression in
young women. Our findings underscore the need for studies to evaluate testosterone as a
potential novel therapeutic target in young women with NAFLD, with implications beyond
young women with androgen excess.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Proportion of pre-menopausal women in the youngest age quartile (n=52) with NASH
(Figure 1a) and NASH fibrosis (Figure 1b) by increasing quartiles of free testosterone. Test
of trend p-values shown.
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Table 1.
Cohort Characteristics Among Pre-Menopausal Women With NAFLD (n=207)

Age, median years (IQR) 35 (29-41)
Race, n (%)
White 150 (72.5)
Asian 13 (6.3)
Black 9(4.4)
Hispanic, n (%) 52 (25.1)

Body mass index (BMI), median kg/cm? (IQR)

36.4 (31.8-41.2)

Obesity (BMI = 30 kg/cm?), n (%)

167 (80.7)

Waist circumference, median cm (IQR)

112 (99-120)

Abdominal adiposity (waist > 88cm), n (%) 192 (92.8)
Hypertension, n (%) 65 (31.4)
Total cholesterol, median mg/dL (IQR) 190 (167-215)
HDL, median mg/dL (IQR) 42 (35-50)

LDL, median mg/dL (IQR)

117 (94-138)

Triglycerides, median mg/dL (IQR)

146 (115-196)

Dyslipidemia 198 (95.7)
Type 2 diabetes, n (%) 67 (32.4)
HOMA-IR, median mg/dL (IQR) 4.6 (2.8-8.0)
Polycystic ovary syndrome (PCOS), self-report, n (%) 43 (20.8)

Total testosterone, median pg/mL (IQR)

210 (120-290)

Free testosterone (Free T), median pg/mL (IQR) *

2.8 (1.6-4.8)

Sex hormone binding globulin, median nmol/L (IQR)

37.8 (24.9-62.9)

NASH (borderline or definite), n (%) 144 (69.6)
NAFLD Activity Score, median (IQR) 4 (3-6)

NAFLD Activity Score among those with NASH 5 (4-7)

Any fibrosis, n (%) 140 (67.6)
Any fibrosis among those with NASH 131 (91.0)
Advanced fibrosis (stages 3-4), n (%) 31 (15.0)
Advanced fibrosis among those with NASH 30 (20.8)

*
Normal range for pre-menopausal populations 0.6-9.8pg/mL17
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Free Testosterone is Associated With NASH and NASH Fibrosis in Younger Pre-Menopausal Women with

NAFLD (n=207)

Table 2.

15t Age Quartile

2nd Age Quartile

3rd Age Quartile

4t Age Quartile

n=52 n=52 n=52 n=51
NAFLD Median 25 years | Median 32 years | Median 39 years | Median 47 years
Comparisons (IQR 22-27) (IQR 31-34) (IQR 37-40) (1QR 44-50)
Adjusted OR (95% CI), p-value

NASH (vs NAFL) 2.28(1.18-4.39) | 0.95(0.55-1.61) | 0.88(0.45-1.71) | 0.82(0.44-1.52)
p=0.013 p=0.836 p=0.700 p=0.520

Any fibrosis (vs none) 2.08(1.13-3.82) | 078(0.47-1.30) | 0.81(0.43-1.51) | 0.78(0.40-1.51)
p=0.018 p=0.350 p=0.502 p=0.448

Higher fibrosis stage (from stages | 1.94 (1.12-3.38) 0.72 (0.47-1.11) 0.67 (0.41-1.08) 0.84 (0.50-1.41)
0-4) p=0.019 p=0.137 p=0.101 p=0.523

Adjusted for DM2, abdominal adiposity, and dyslipidemia. From lowest to highest age quartiles, NASH was present in n=34, n=37, n=39, and n=34

participants, and any fibrosis was present in n=32, n=34, n=37, and n=37 participants, respectively.
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Table 3.

Association of Free Testosterone with NASH and NASH Fibrosis in Youngest Age Quartile After Excluding
Polycystic Ovary Syndrome (n=39)

Unadjusted OR Adjusted OR*
(95% Cl), p value | (95% Cl), p value

2.80 (1.355.79), | 2.29 (1.06-4.93),

NAFLD Comparisons

NASH (vs NAFL)

p=0.006 p=0.035

—_ 227 (1.16-4.43), 1.97 (1.03-3.79),
Any fibrosis p=0.016 p=0.041

; —— 2.28 (1.23-4.22), 1.93 (0.95-3.90),
Higher fibrosis stage p=0.009 p=0.069

PCOS defined as self-report or having elevated free testosterone and irregular menses.

ok
Adjusted for DM2 and abdominal adiposity (waist >88cm). Dyslipidemia fell out of model as all women with the limited number of fibrosis
(n=22) and NASH (n=23) events also had dyslipidemia.
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Table 4.

Page 16

Association of Free Testosterone with Metabolic Risk Factors for NASH in Pre-Menopausal Women with

NAFLD (n=207)

Outcome

Age-adjusted
OR (95% ClI)
p value

Fully adjusted*
OR (95% ClI)
p value

Type 2 Diabetes (DM2)

1.02 (0.78-1.33)

p=0.892
N 0.99 (0.53-1.84)
Dyslipidemia p=0.973
. . - 2.16 (1.23-3.82) | 2.15(1.22-3.79)
Abdominal adiposity (waist circumference > 88cm) p=0.008 p=0008

Adjusted for Age, DM2, and dyslipidemia (defined as elevated LDL, triglycerides, and/or low HDL)
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