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INTRODUCTION:

With rising prevalence of obesity and diabetes, non-alcoholic fatty liver disease (NAFLD) is 

now a leading cause of chronic liver disease. One-third of obese or diabetic men have 

subnormal free and bioavailable testosterone concentrations(1). Several studies have further 

shown low testosterone to be associated with imaging-confirmed NAFLD in men(2), 

although it is unknown whether low testosterone confers increased risk of more clinically 

relevant manifestations of NAFLD, including non-alcoholic steatohepatitis (NASH) and 

NASH fibrosis. We therefore aimed to evaluate the association of testosterone with 

histologic features of NAFLD among a representative cohort of men from the multicenter 

NASH Clinical Research Network (NASH CRN).

METHODS:

NASH CRN participants were selected at random to include the full spectrum of NAFLD, 

from simple steatosis to NASH with varying severity of fibrosis. The NAFLD Activity Score 

(NAS) was also calculated (composite score from 0–8 composed of steatosis (0–3), 

hepatocyte ballooning (0–2) and lobular inflammation scores (0–3)). Fibrosis ranged from 

stages 0–4. NASH diagnosis included possible or definite NASH. Biopsies were centrally 

evaluated by NASH CRN pathologists. Testosterone and SHBG were measured from fasting 

blood samples within 6 months of biopsy. Free and bioavailable (free + albumin bound) 

testosterone were calculated(3). Covariates included demographics, anthropomorphic and 

fasting serum lipid and insulin resistance measures. The association of low free testosterone 

with NAFLD histology was determined by logistic and ordinal logistic regression as 

appropriate. Additional methodology provided in Supplementary materials.

RESULTS:

Biopsy-confirmed NASH was present in 72% of men, and 18% (n=28) had advanced 

fibrosis (Table 1). Low free testosterone was present in 26% of men with NAFLD, including 

24% of men less than 40 years old. Men with low free testosterone were more likely to have 

NASH versus simple steatosis (88% vs 67%, p=0.01), as well as advanced fibrosis (27% vs 

14%, p=0.07). NASH prevalence increased with lower quartiles of free testosterone (in 88% 

of men in lowest quartile versus 68% in highest quartile (p=0.03)) (Supplemental Figure 1). 

Low free testosterone was associated with NASH, independent of age, waist circumference, 

insulin resistance, and triglycerides (Adjusted OR 3.5; 95% CI 1.01–11.3, p=0.03) and with 

higher stage of fibrosis (Adjusted OR 2.1, 95% CI 1.0–4.1, p=0.04) (Supplementary Table 

1). Free testosterone concentrations in men with and without NASH were 5.3 (3.7–8.9) and 

7.2 (5.3–9.8) ng/dl, respectively (p=0.03). Free and bioavailable testosterone concentrations 

were highly correlated (r=0.98, p<0.001). Low bioavailable testosterone also remained 

associated with presence of NASH (Adjusted OR 3.7, 95%CI 1.2–12.0, p=0.03) and fibrosis 

severity (Adjusted OR 2.0, 95%CI 1.0–3.8, p=0.05).
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DISCUSSION:

Leveraging data from the NASH CRN Study Cohort we identified low free testosterone 

levels in a quarter of men with NAFLD, and a third of those with NASH, including nearly a 

quarter of men under age 40 years. Moreover, low testosterone remained independently 

associated with presence of NASH (versus simple steatosis), as well as more severe NASH 

fibrosis. We also selected a conservative cut-off to define “low testosterone” that is below 

the threshold where hypogonadal symptoms typically develop(4). This is of clinical 

relevance as NASH is not an entity known to be associated with hypogonadism in men.

Several studies have demonstrated lower testosterone levels in men with NAFLD, and/or an 

independent association low testosterone with imaging-confirmed NAFLD in men (2, 5). 

Testosterone replacement in men also improves insulin resistance, lipids, and visceral 

adiposity, supporting a more direct role of testosterone on metabolic risk factors for 

NAFLD/NASH (1, 6, 7). Low free testosterone has also been associated with noninvasive 

markers of fibrosis(8), although the current study is the first to evaluate this association with 

histologically-confirmed NAFLD. Using “gold standard” LC/MS-MS methodology, we 

further demonstrated progressively lower testosterone concentrations by NAFLD severity.

The current study has some limitations, including lack of control group without NAFLD, as 

well as high proportion of men with NASH, likely due to higher suspicion for disease 

prompting biopsy. As a cross sectional study, causality of low testosterone and NASH could 

not be evaluated. While testosterone might be protective against NASH, lower testosterone 

may also reflect worse metabolic health in men. Due to the relatively small number with 

advanced fibrosis, we lacked power to analyze advanced fibrosis as a dichotomized outcome, 

although were able to perform a robust analysis of fibrosis severity, including adjustment for 

comprehensive metabolic parameters.

In conclusion, low free testosterone in men was independently associated with presence and 

severity of NASH. Testosterone measurements should be considered in future prospective 

studies of the natural history of NAFLD in men.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NAS NAFLD Activity Score

SHBG sex hormone binding globulin

HOMA-IR homeostasis model assessment of insulin resistance

TG triglycerides

HDL high-density lipoprotein cholesterol

LDL low-density lipoprotein cholesterol
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Table 1.

Cohort Characteristics Among Men with Biopsy-Confirmed NAFLD by Free Testosterone (Free T) Level.

All men (n=159) Low Free T (n=41) Normal Free T (n=118) p value

Age (years) 47 (37–55) 48 (38–59) 47 (37–54) 0.21

Race, n (%)

White 131 (82) 33 (80) 98 (83)

Asian 14 (9) 4 (10) 10 (8)

Black 3 (3) 2 (5) 1 (1) 0.30

Other 11 (6) 2 (5) 9 (8)

Hispanic, n (%) 24 (15) 5 (12) 19 (16) 0.55

Body mass index (kg/cm2) 33 (30–35) 34 (32–37) 32 (30–35) 0.14

Obesity, n (%) 113 (71) 33 (81) 80 (68) 0.12

Waist circumference (cm) 108 (100–118] 114 (101–121) 107 (100–115) 0.07

Waist-to-hip ratio 0.98 (0.94–1.02) 0.99 (0.94–1.02) 0.98 (0.95–1.02) 0.46

Total cholesterol (mg/dL) 184 (162–221) 183 [156–219] 187 (162–222) 0.60

HDL (mg/dL) 38 (33–43) 38 (34–42) 38 (33–44) 0.93

LDL (mg/dL) 115 (90–140) 119 (89–138) 114 (91–143) 0.68

Triglycerides (mg/dL) 166 (106–238) 143 (97–239) 170 (107–235) 0.20

Dyslipidemia, n (%) 134 (84) 35 (85) 99 (84) 0.93

Type 2 Diabetes, n (%) 41 (26) 18 (44) 23 (19) 0.002

HOMA-IR 4.4 [2.9–6.5] 4.7 (3.2–7.6) 3.8 (2.7–5.3) 0.45

Total testosterone (ng/dL) 285 [195–391] 149 (117–212) 321 (253–422) <0.001

Free testosterone (ng/dL) 5.7 [4.0–9.1] 3.1 (2.5–3.7) 7.7 (5.4–9.9) <0.001

Bioavailable testosterone (ng/dL) 139 [96–216] 77 (57–89) 183 (132–241) <0.001

Sex hormone binding globulin (nmol/L) 25 [16–38] 29 (16–46) 24 (16–36) 0.28

NASH, n (%) 115 (72) 36 (88) 79 (67) 0.01

NAFLD Activity Score (NAS) 4 [3–6] 5 (4–6) 4 (3–5) 0.001

Advanced fibrosis (stages 3–4), n (%) 28 (18) 11 (27) 17 (14) 0.07

Height, weight, waist and hip measurements were taken in duplicate while standing and wearing light clothing and averaged for analyses. Waist 
circumference was measured midway between the iliac crest and bottom of the rib cage. Body mass index (BMI) was calculated as weight (in 
kilograms) divided by height (meters) squared. The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated using the 
following equation: (fasting glucose [mg/dL] fasting insulin [mU/L])/405. Dyslipidemia was defined as triglycerides > 150ng/dL, high-density 
lipoprotein (HDL) < 40ng/dL, low-density lipoprotein (LDL) > 130ng/dL, or total cholesterol > 200ng/dL. Obesity was defined as BMI ≥ 30 
kg/m2. Low free testosterone defined as <4ng/dl.
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