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Abstract

Background—To evaluate the association of liver fibrosis scores with PSA level among US 

adult men overall and by race/ethnicity.

Methods—Data from the National Health and Nutrition Examination Survey (NHANES), 2001–

2010, were used. Males aged ≥40 years without a prostate cancer diagnosis and who had serum 

PSA, liver enzymes, albumin, and platelet counts measured as part of NHANES protocol were 

included. Liver fibrosis was measured using three scores: AST to platelet ratio index (APRI), 

fibrosis 4 index (FIB-4) and NAFLD fibrosis score (NFS). We assessed overall and race/ethnicity-

stratified geometric mean PSA by fibrosis score using predictive margins by linear regression, and 

the association of abnormal fibrosis scores (APRI>1, FIB-4>2.67, NFS>0.676) and elevated PSA 

(>4 ng/mL) by logistic regression.

Results—6,705 men were included. Abnormal liver fibrosis scores were present in 2.1% (APRI), 

3.6% (FIB-4), and 5.6% (NFS). Men with higher fibrosis scores had lower geometric mean PSA 

(all p-trend<0.02). Men with abnormal APRI had a lower odds of PSA>4ng/mL (adjusted odds 

ratio [aOR]=0.33, 95% confidence interval [CI] 0.11–0.96). Compared with men with 0 abnormal 
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scores, those with 2 or 3 abnormal fibrosis scores had a lower odds of PSA>4ng/mL (aOR=0.55, 

95% CI 0.33–0.91). The patterns were similar by race/ethnicity.

Conclusions—Men of all race/ethnicities with higher liver fibrosis scores had lower serum PSA 

and men with advanced fibrosis scores had a lower odds of an elevated PSA.

Impact—These findings support further research to inform the likelihood of delay in prostate 

cancer detection in men with abnormal liver function.
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Introduction

Studies of men with cirrhosis link poor liver function to reduced serum prostate-specific 

antigen (PSA) concentration.(1,2) The liver plays a key role in PSA production and 

clearance.(3) Reduced PSA clearance by an impaired liver could result in a higher PSA 

concentration. Alternatively, with chronic poor liver function, testosterone levels drop, which 

can result in reduced PSA production, which is under androgenic regulation in the prostate.

(4,5) No universally accepted PSA cutpoint exists; a threshold >4 ng/mL is commonly 

considered for prostate biopsy, including in a US trial, (6) although >3 ng/mL has also been 

used, including in a European trial.(7) A shift in PSA distribution toward a higher level 

could result in some men without prostate cancer being sent for biopsy unnecessarily. 

Alternatively, a shift in the distribution of PSA concentration toward lower levels could 

result in some men with yet undiagnosed prostate cancer from being detected with the 

disease while it is still asymptomatic. Moreover, most PSA circulates bound to alpha 1-

antitrypsin, alpha 1-antichymotrypsin, and alpha 2-macroglobulin; the liver synthesizes these 

proteins.

Since the early 1990s, though there has been controversy over the benefits and risk of over-

diagnosis, PSA testing has been adopted for prostate cancer screening in the US.(8) PSA 

concentration that is lower due to comorbidities may lead to a delay in detection, including 

of lethal prostate cancer. Black men experience a profound disparity in lethal prostate cancer 

rates compared with White men.(9,10) Non-Hispanic Black men have more than twice the 

risk of dying from this disease than White or Hispanic/Latino men.(11) Meanwhile, previous 

studies in the US nationally representative National Health and Nutrition Examination 

Survey (NHANES) document a racial/ethnic disparity in liver diseases. For example, non-

Hispanic Blacks have a higher prevalence of cirrhosis and infectious hepatitis,(12–14) while 

nonalcoholic fatty liver disease (NAFLD) is more common in Mexican Americans.(15) For 

men with reduced liver function due to liver fibrosis but not a significantly reduced life 

expectancy, early detection may be beneficial for prostate cancer treatment and survival, 

(7,16,17) especially possibly for population subgroups with a higher underlying risk of 

aggressive prostate cancer.

Thus, we determined the association between liver fibrosis scores and serum PSA 

concentration overall and by race/ethnicity in a nationally representative sample of men in a 
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target age range for prostate cancer screening. We addressed this association to inform the 

likelihood of delay in prostate cancer detection in men with liver conditions.

Materials and Methods

Study Population

We used data from five cycles of continuous NHANES (2001–2010). NHANES is a 

nationally representative survey aiming to provide knowledge on the health status of the US 

population through collecting data from interviews, physical examinations, and laboratory 

measurements.(18) Written informed consent was obtained. All NHANES protocols were 

approved by the Research Ethics Review Board of the National Center for Health Statistics, 

US Centers for Disease Control and Prevention.

We restricted to men ≥40 years given that PSA was only measured in them. We excluded 

men with missing demographic (age, race/ethnicity) or clinical (liver fibrosis scores 

biomarkers, body mass index (BMI), diabetes status, smoking, alcohol drinking history, or 

viral hepatitis) data. We excluded men with extreme BMI (<18.5, >50 kg/m2) or prostate 

cancer or liver cancer. The analytical, unweighted sample size was 6,705.

PSA Measurement

As part of the NHANES protocol, from 2001 to 2010, serum total PSA concentration was 

measured by Hybritech immunoassay (Beckman Coulter, Fullerton, CA) for men aged ≥40 

years.(19) PSA was not measured for men with a recent prostate biopsy, prostate infection or 

inflammation, rectal examination, or with a prostate cancer history.

Liver Fibrosis Assessment

As part of the NHANES protocol, biochemical markers related to liver function – aspartate 

aminotransferase (AST), alanine aminotransferase (ALT) – and albumin were measured 

using a Beckman Synchron LX20. Platelet count was measured using the Beckman 

UniCel® DxC800 Synchron. Details are described elsewhere.(19) To assess liver fibrosis, 

we calculated (see Supplement for details) three non-invasive fibrosis scores: AST/platelet 

ratio index (APRI), fibrosis 4 index (FIB-4) and NAFLD fibrosis score (NFS). APRI and 

FIB-4 indices were originally developed to predict fibrosis and cirrhosis among patients with 

hepatitis C,(20,21) but have been validated in other chronic liver diseases to identify patients 

with significant fibrosis.(22–25) The NFS was developed to identify advanced fibrosis in 

patients with NAFLD and showed 0.84 of the area under the ROC curve.(26)

Statistical analysis

To account for the clustered design and differential sampling probabilities, sample weights 

reflecting the probability of selection and response were used to produce unbiased national 

estimates. The Taylor linearization method and masked variance units (MVU) were used for 

variance estimation to account for the complex NHANES sample design. Participant 

characteristics were compared by normal/abnormal fibrosis score and PSA concentration 

categories (<1, 1-<2, 2-<4, 4-<10, ≥10 ng/mL).
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PSA concentration was transformed using the natural logarithm to achieve a normal 

distribution. Overall and race-stratified geometric mean PSA concentration and 95% 

confidence intervals (CIs) were estimated using predictive margins (model-based 

standardization) from multivariable linear regression. In the models, we entered quintiles of 

each fibrosis score or clinical categories (normal vs. abnormal). P-trends were estimated 

using linear regression with the median of each fibrosis score category as continuous 

variable. Logistic regression was used to estimate the odds ratio (OR) of elevated PSA level 

(>3, >4, >10 ng/mL) associated with abnormal liver fibrosis scores. Model covariate details 

are provided in the Supplement.

We conducted sensitivity analyses restricting to men with BMI <30 kg/m2; without a 

diagnosis of diabetes or glycated hemoglobin >6.4%; with self-reported liver disease; with 

self-reported liver disease and/or current or previous viral hepatitis; with self-reported liver 

disease and/or chronic viral hepatitis; or aged 55 years and older. To improve classification 

of abnormal and normal liver fibrosis scores, we re-classified the men by the number of the 

three abnormal APRI, FIB-4 and NFS fibrosis scores (0, 1, or 2 or 3 abnormal fibrosis 

scores), and analyzed the association between the joint indicator and elevated PSA 

concentration by logistic regression.

P-values were 2-sided and p<0.05 was used as the threshold for statistical significance. 

Statistical analyses were performed using STATA 14.2.

Results

Study Population Characteristics

Abnormal liver fibrosis scores were present in 2.1% (APRI), 3.6% (FIB-4), and 5.6% (NFS) 

of the men (Table 1). The proportions slightly differed by race (APRI, FIB-4, NFS: 1.8%, 

3.6%, 5.8% in non-Hispanic Whites; 3.5%, 4.5%, 5.4% in non-Hispanic Blacks; 2.8%, 

2.7%, 3.9% in Mexican American/other Hispanics). Overall, the mean age was 55.1 years, 

and 55.7, 53.3 and 52.1 years among non-Hispanic Whites, non-Hispanic Blacks and 

Mexican American/other Hispanics, respectively. Men with abnormal scores tended to be 

older, to be non-Hispanic White, to have a lower educational level, to be heavy drinkers, to 

have ever smoked, to be obese, to have diabetes or prediabetes, to have self-reported liver 

disease, and to be seropositive for hepatitis C virus (HCV) or current or previous hepatitis B 

virus (HBV) infection. PSA levels increased with age, and as serum PSA concentration 

increased, the proportion of men who are non-Hispanic Black, who have a lower educational 

level, or who have a current or previous HBV infection increased, while the proportion of 

men with obesity, self-reported liver disease, or HCV infection decreased (Supplement Table 

1).

Liver fibrosis scores and geometric mean PSA

Geometric mean PSA decreased with increasing APRI, FIB-4, and NFS scores (Figure 1. A–

C). Age-adjusted geometric mean PSA significantly decreased across APRI, FIB-4 and NFS 

quintiles (p-trend <0.001; Table 2). This trend persisted after multivariable adjustment. 

Similar trends were observed among men with BMI <30 kg/m2, among men without a 
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diagnosis of diabetes or elevated glycated hemoglobin, and among men aged 55 years and 

older, respectively (Supplement Tables 2–4).

Stratifying by race, geometric mean PSA decreased more steeply with increasing fibrosis 

scores in non-Hispanic Whites than in non-Hispanic Blacks and in Mexican-Americans/

other Hispanics (Figure 1. D–F). Trends among each race/ethnicity became more similar to 

each other after excluding potentially influential points (Supplement Figure 1. D–F). 

Dividing fibrosis scores into quintiles, all three fibrosis scores were inversely associated with 

PSA among non-Hispanic Whites and among Mexican-American/other Hispanics, whereas 

among non-Hispanic Blacks, fibrosis scores quintiles were not significantly associated with 

PSA concentration (Supplement Table 5).

Restricting to men who reported a liver disease diagnosis, the results were similar to the 

main analysis, geometric mean PSA decreased with increasing fibrosis scores in each racial/

ethnic group (Figure 2). Geometric mean PSA decreased across quintiles of fibrosis scores 

overall and this pattern was observed in each racial/ethnic group (Supplement Table 6). 

Restricting to men with self-reported liver disease and/or viral hepatitis infection confirmed 

by serum test, there was a decreasing trend of geometric mean PSA with increasing fibrosis 

scores among non-Hispanic Whites, but no association among non-Hispanic Blacks or 

Mexican American/other Hispanics (Supplement Table 7, Supplement Figure 2 and 3).

We also determined geometric mean PSA concentration within clinical categories of the 

fibrosis scores (Table 3). Regardless of score used, men with abnormal scores suggestive of 

advanced fibrosis had significantly lower geometric mean serum PSA (0.15–0.21 ng/mL). 

This pattern was also observed after multivariable adjustment, and was observed in each 

race/ethnicity across all three scores.

Liver fibrosis scores and elevated PSA concentration

The multivariable-adjusted OR of elevated PSA for abnormal fibrosis score defined by APRI 

was 0.75 (95% CI: 0.37, 1.49) for PSA >3 ng/mL and 0.33 (95% CI: 0.11, 0.96) for PSA >4 

ng/mL, for those with elevated FIB-4 the corresponding OR (95% CI) were 0.74 (0.47, 1.15) 

and 0.67 (0.44, 1.03), and for those with elevated NFS were 1.01 (0.73, 1.39) and 0.71 (0.50, 

1.00) (Table 4). Each SD interval of APRI was associated with 9% (95%CI 0.79, 1.04) and 

24% (95%CI 0.62, 0.92) decrease in risk of PSA > 3 ng/mL and > 4ng/mL, respectively. For 

FIB4 and NFS, each SD interval was associated with 15% (95%CI 0.77, 0.94) and 12% 

(95%CI 0.78, 0.99) decrease in risk of PSA > 3 ng/mL, and 16% (95%CI 0.75, 0.94) and 9% 

(95%CI 0.78, 1.07) decrease in risk of PSA > 4 ng/mL, respectively. Stratifying by race, 

similar trends were observed but were not statistically significant among each race/ethnicity 

group. For FIB-4 and NFS, men who had an abnormal score were less likely to have a PSA 

>10 ng/mL, albeit 95% CIs were wide (data not shown); the analysis was too sparse for 

APRI (Supplement Table 8).

As shown in Supplemental Table 9, overall, compared with men with 0 abnormal scores, 

those with 1 abnormal and those with 2 or 3 abnormal fibrosis scores had a lower odds of 

PSA >2 ng/mL (OR: 0.83 and 0.59, respectively), PSA >4 ng/mL (OR: 0.80 and 0.55, 

respectively), and PSA > 10 ng/mL (OR: 0.76 and 0.45, respectively). After stratifying by 
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race/ethnicity, the association between number of abnormal fibrosis scores and elevated PSA 

among each race/ethnicity was inverse as for overall, although was less strong among non-

Hispanic Black and Mexican-American/other Hispanic men than that among the Whites (p 

for interaction: 0.089, 0.005 and 0.0004 for PSA >2, 4 and 10 ng/mL, respectively).

Discussion

In this nationally representative study of men without a prostate cancer diagnosis, we found 

that men with higher liver fibrosis scores had a relatively lower serum PSA concentration. 

This association was similar among non-obese and non-diabetic men, and among men with 

self-reported liver disease. Furthermore, results were similar across racial/ethnic groups. 

Though the PSA level difference corresponding to per unit increasing of liver fibrosis score 

is relatively small, men with advanced fibrosis scores had lower odds of a PSA level above 

the commonly used prostate biopsy cutpoints. Given the increasing prevalence of liver 

fibrosis resulting from the rise in nonalcoholic fatty liver disease, our findings may have 

implications for early detection of prostate cancer.

No consensus exists about the influence of liver fibrosis on PSA concentration. To our 

knowledge, our study is the first to examine this association among men ≥40 years old in the 

overall US population, and results are consistent with previous studies observing that PSA 

tended to be lower in men with cirrhosis than without.(1,2,4,27,28) These studies were based 

on fewer cases (<250) and showed 0.4–1.0 ng/mL lower total PSA level in men with 

cirrhosis. With respect to liver function, a study of 38,157 healthy Korean males also found 

that higher serum concentration of the liver enzyme ALT was correlated with lower PSA 

concentration.(5) Additionally, a small number of studies conducted in the US found that 

PSA concentration was lower among patients with liver diseases than in men with normal 

function, although these findings were based on fewer cases and were not statistically 

significant. (29–31)

Over the last 25 years, testing for elevated PSA has been widely used for the early detection 

of prostate cancer in the US.(8) Following changed screening recommendations from the US 

Preventive Services Task Force (USPSTF) in 2012 uptake decreased.(32,33) Early detection 

by PSA testing coupled with appropriate treatment likely reduces risk of death for a subset 

of men with occult prostate cancer with an aggressive phenotype.(17) From a clinical 

perspective, whether to screen a man with liver fibrosis for elevated PSA may be dependent 

on life expectancy, as for any man. For men with significant liver fibrosis, the harms of PSA 

screening may outweigh the benefits especially if life expectancy is shorter than 10 years. In 

contrast, if men with slight to moderate liver fibrosis have more than a 10-year life 

expectancy, they could still potentially benefit from PSA testing. Thus, for men with slight 

to moderate liver fibrosis, consequent lower PSA concentration could potentially delay 

detection and treatment of occult aggressive prostate cancer, possibly increasing risk of 

death. In our study, we observed that men in the fourth and fifth quintiles of the liver fibrosis 

scores had a lower PSA concentration. The cutpoints for the fifth quintile was much lower 

than the cutpoints we used to define abnormal fibrosis scores. Based on previous validation 

studies of the fibrosis scores among liver disease patients, both patients with biopsy-

documented no to mild fibrosis (stage 0–2) and advanced fibrosis (stage 3–4) could fall into 
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the fourth and fifth-quintile score categories.(25,34,35) This observation suggests that both 

men with mild and advanced fibrosis could experience the reduced PSA that we observed in 

quintiles 4 and 5 of the liver fibrosis scores. However, it should also be noted that the PSA 

level difference between the highest and lowest quintile of fibrosis score is relatively small, 

and its impact on prostate cancer detection or mortality could be slight. The 2018 revised 

USPSTF guidelines now indicate that providers should discuss the benefits and risk of this 

test for men 55–69 years old.(33) Whether liver disease should be a component of that 

discussion and also considered in the interpretation of the PSA results remains to be 

determined, as does how reduced life expectancy due to liver disease affects the screening 

benefit to risk ratio.

We found that the inverse association between liver fibrosis score and PSA level was present 

in each US racial/ethnic group studied. Compared with White men, Black men have a 

significantly higher incidence of prostate cancer, are more likely to develop prostate cancer 

at younger ages, and are more likely to die of prostate cancer.(36) Although disparities are 

not consistent across liver diseases (i.e., Blacks have a higher risk of infectious hepatitis, 

while Mexican Americans have a higher prevalence of NAFLD), including in NHANES 

(14,15), and as seen in this NHANES analysis, the proportion with an abnormal liver fibrosis 

score was higher among non-Hispanic Black than among non-Hispanic White or Mexican-

American men. Given our results, men with abnormal liver fibrosis scores were less likely to 

have PSA >3–4 ng/mL and may not be referred to prostate biopsy. Therefore, Black men 

may be more likely to have delayed detection of prostate cancer attributable to a higher 

prevalence of liver fibrosis and a higher risk of prostate cancer than their non-Hispanic 

White or Mexican-American counterparts.

Study strengths include use of a nationally representative sample of men in the age range 

often targeted for early detection of prostate cancer. Liver enzyme and PSA measurements 

were not performed for clinical indication and the men were not enriched for liver disease. 

Instead, measurements were performed on all eligible men as part of the NHANES protocol 

to understand the health and nutritional status of Americans. Thus, the findings are likely 

generalizable to US men in these age ranges. Secondly, each biomarker was measured under 

the same protocol in the same laboratory. Moreover, this is the first and largest study to 

examine the association between liver fibrosis and PSA in different US races/ethnicities.

One possible limitation is that we used non-invasive indicators of liver fibrosis, which may 

result in misclassification compared with the gold standard liver biopsy or modern imaging 

elastography methods. We used three fibrosis scores that were primarily developed for 

monitoring liver conditions, but they have been validated in different populations.(25,34) 

Given that each is purported to measure liver fibrosis, we performed a sensitivity analysis in 

which cross-categorized the men with respect to all three of the scores. In doing so, we 

expected that men with liver fibrosis would be more likely score high on two or three of 

these scores, while those without liver fibrosis would be more likely to score low on all three 

of these scores. The results (i.e., lower PSA in those most likely to have liver fibrosis than in 

those unlikely to have liver fibrosis) when using the cross-classification were consistent with 

those when using the three scores separately.
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Another study limitation is that it was cross-sectional, and we are not able to evaluate how 

progression to fibrosis influences PSA concentration. We could not study the mechanism by 

which liver fibrosis influences serum PSA level. We had initially hypothesized that liver 

fibrosis is associated with higher serum PSA because the liver is the primary site for PSA 

metabolism and clearance.(3,37) However, we also recognized that men with liver cirrhosis 

have lower testosterone levels,(38) and given that PSA is under androgenic regulation,(39) 

we alternatively hypothesized that men with fibrosis may have lower serum PSA due to 

reduced testosterone level including intraprostatic.

We cannot rule out that the inverse association that we observed is explained by men with 

abnormal liver function being less likely to develop prostate cancer, and thus have lower 

PSA levels. As prostate growth is dependent on androgens, levels of which can be 

influenced by hepatic function, liver disease may impact prostate cancer risk.(39,40) To 

address this alternative explanation, a prospective study of men with and without liver 

disease followed for a decade or more for the development of clinically-detectable prostate 

cancer or for prostate cancer detected by biopsy performed irrespective of PSA level is 

needed. Such a study is unlikely to be conducted in the future.

In conclusion, men with an abnormal liver fibrosis score may be less likely to have an 

elevated PSA. Further research is needed to determine whether liver disease could result in a 

delayed of prostate cancer, and whether it should be considered in the PSA-based prostate 

cancer screening.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association between Fibrosis Scores and Geometric Mean PSA Serum Concentration 
(ng/mL) Overall (Panel A, B, C) and By Race/Ethnicity (Panel D, E, F) Among Men 40 Years and 
Older, NHANES 2001–2010
In panels A, B and C, the solid line indicates the estimated geometric mean of PSA, while 

the dash line indicates the 95% CI of the estimated geometric mean of PSA. The histogram 

below each panel displays the density distribution of APRI, FIB-4, and NFS score, 

respectively. In panels D, E and F, the solid line indicates the estimated geometric mean of 

PSA among non-Hispanic Whites, the dash line indicates non-Hispanic Blacks, and the dot 

line indicates Mexican American/other Hispanics. The x-axis ranges represent the true 

ranges of fibrosis scores among the analyzed population. The p values for the interaction 

between race/ethnicity and APRI, FIB-4 and NFS are 0.235, 0.002 and 0.004, respectively.
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Figure 2. Association between Fibrosis Scores and Geometric Mean PSA Serum Concentration 
(ng/mL) Overall and By Race/Ethnicity Among Men 40 Years and Older and With Self-reported 
Liver Disease, NHANES 2001–2010
In panels A, B and C, the solid line indicates the estimated geometric mean of PSA, while 

the dash line indicates the 95% CI of the estimated geometric mean of PSA. The histogram 

below each panel displays the density distribution of APRI, FIB-4, and NFS score, 

respectively. In panels D, E and F, the solid line indicates the estimated geometric mean of 

PSA among non-Hispanic Whites, the dash line indicates non-Hispanic Blacks, and the dot 

line indicates Mexican American/other Hispanics. The x-axis ranges represent the true 

ranges of fibrosis scores among the analyzed population. The p values for the interaction 

between race/ethnicity and APRI, FIB-4 and NFS are 0.038, 0.261 and 0.632, respectively.

Wang et al. Page 12

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 13

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

of
 P

ar
tic

ip
an

ts
 b

y 
L

iv
er

 F
ib

ro
si

s 
Sc

or
es

 A
m

on
g 

M
en

 4
0 

Y
ea

rs
 a

nd
 O

ld
er

, N
H

A
N

E
S 

20
01

–2
01

0

O
ve

ra
ll

A
P

R
I

F
IB

-4
N

F
S

N
or

m
al

A
bn

or
m

al
a

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

U
nw

ei
gh

te
d 

P
ar

ti
ci

pa
nt

s
6,

70
5

6,
54

1
16

4
6,

31
9

38
6

6,
13

9
56

6

A
ge

 g
ro

up
, %

 (
95

%
 C

I)

 
40

 –
 4

9 
ye

ar
s

38
.0

(3
6.

2–
39

.9
)

37
.9

(3
6.

1–
39

.8
)

42
.4

(3
2.

3–
53

.2
)

39
.0

(3
7.

2–
40

.9
)

11
.6

(7
.3

–1
7.

7)
40

.0
(3

8.
1–

41
.9

)
5.

2
(3

.8
–7

.1
)

 
50

 –
 5

9 
ye

ar
s

31
.1

(2
9.

4–
32

.8
)

31
.1

(2
9.

5–
32

.7
)

28
.6

(1
9.

1–
40

.3
)

31
.6

(3
0.

0–
33

.4
)

15
.3

(1
0.

5–
21

.7
)

32
.0

(3
0.

3–
33

.8
)

14
.4

(1
0.

5–
19

.5
)

 
60

 –
 6

9 
ye

ar
s

17
.4

(1
6.

5–
18

.4
)

17
.4

(1
6.

4–
18

.4
)

18
.9

(1
3.

8–
25

.3
)

17
.3

(1
6.

3–
18

.3
)

20
.2

(1
5.

5–
25

.9
)

16
.8

(1
5.

8–
17

.9
)

27
.8

(2
3.

4–
32

.6
)

 
70

 –
 7

9 
ye

ar
s

9.
6

(9
.0

–1
0.

3)
9.

7
(9

.0
–1

0.
4)

6.
5

(3
.7

–1
1.

1)
9.

0
(8

.4
–9

.7
)

25
.2

(2
1.

1–
29

.7
)

8.
2

(7
.6

–8
.9

)
32

.8
(2

9.
0–

36
.7

)

 
≥8

0 
ye

ar
s

3.
9

(3
.5

–4
.4

)
3.

9
(3

.5
–4

.4
)

3.
7

(2
.0

–6
.5

)
3.

0
(2

.6
–3

.5
)

27
.8

(2
3.

7–
32

.3
)

3.
0

(2
.6

–3
.4

)
19

.7
(1

7.
0–

22
.8

)

R
ac

e/
et

hn
ic

it
y,

 %
 (

95
%

 C
I)

 
W

hi
te

 (
no

n-
H

is
pa

ni
c)

77
.1

(7
4.

5–
79

.7
)

77
.3

(7
4.

7–
79

.9
)

67
.4

(5
7.

4–
77

.4
)

77
.2

(7
4.

6–
79

.7
)

76
.4

(7
1.

0–
81

.9
)

77
.0

(7
4.

2–
79

.5
)

79
.8

(7
5.

4–
83

.6
)

 
B

la
ck

 (
no

n-
H

is
pa

ni
c)

8.
6

(7
.3

–9
.8

)
8.

5
(7

.2
–9

.7
)

14
.4

(8
.6

–2
0.

1)
8.

5
(7

.3
–9

.7
)

10
.6

(7
.3

–1
3.

8)
8.

6
(7

.4
–9

.9
)

8.
3

(6
.2

–1
1.

0)

 
M

ex
ic

an
-A

m
er

ic
an

/O
th

er
 H

is
pa

ni
c

9.
6

(7
.7

–1
1.

5)
9.

5
(7

.6
–1

1.
4)

12
.5

(6
.5

–1
8.

6)
9.

7
(7

.8
–1

1.
6)

7.
1

(4
.1

–1
0.

1)
9.

8
(8

.0
–1

1.
9)

6.
6

(4
.8

–9
.0

)

 
O

th
er

4.
7

(3
.8

–5
.6

)
4.

7
(3

.7
–5

.6
)

5.
7

(0
.7

–1
0.

7)
4.

7
(3

.7
–5

.6
)

5.
9

(2
.7

–9
.1

)
4.

7
(3

.8
–5

.7
)

5.
4

(3
.5

–8
.1

)

E
du

ca
ti

on
 le

ve
l, 

%
 (

95
%

 C
I)

 
L

es
s 

th
an

 9
th

 g
ra

de
7.

4
(6

.5
–8

.2
)

7.
3

(6
.4

–8
.1

)
11

.0
(5

.9
–1

6.
2)

7.
1

(6
.3

–7
.9

)
14

.3
(1

0.
7–

17
.9

)
6.

9
(6

.1
–7

.8
)

15
.0

(1
1.

3–
19

.6
)

 
9–

11
th

 g
ra

de
 (

in
cl

ud
es

 1
2t

h 
gr

ad
e,

 n
o 

di
pl

om
a)

10
.2

(9
.2

–1
1.

3)
10

.1
(9

.0
–1

1.
1)

18
.5

(1
0.

3–
26

.7
)

10
.1

(9
.0

–1
1.

1)
15 (1

0.
1–

19
.9

)
10

.1
(9

.1
–1

1.
3)

11
.6

(9
.2

–1
4.

6)

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e/

G
E

D
 o

r 
eq

ui
va

le
nt

25
.2

(2
3.

8–
26

.6
)

25
.0

(2
3.

6–
26

.4
)

33
.1

(2
4.

7–
41

.6
)

25
.2

(2
3.

8–
26

.6
)

24
.6

(1
8.

6–
30

.6
)

25
.5

(2
3.

9–
26

.6
)

24
.8

(2
1.

0–
29

.0
)

 
So

m
e 

co
lle

ge
 o

r 
as

so
ci

at
es

 d
eg

re
e

27
.4

(2
6.

0–
28

.9
)

27
.5

(2
6.

1–
29

.0
)

22
.4

(1
4.

4–
30

.4
)

27
.6

(2
6.

2–
29

.1
)

21
.8

(1
6.

0–
27

.7
)

27
.4

(2
6.

0–
29

.0
)

27
.3

(2
1.

5–
34

.1
)

 
C

ol
le

ge
 g

ra
du

at
e 

or
 a

bo
ve

29
.8

(2
7.

6–
32

.0
)

30
.1

(2
7.

9–
32

.3
)

14
.9

(7
.2

–2
2.

6)
30

.0
(2

7.
7–

32
.2

)
24

.3
(1

8.
1–

30
.5

)
30

.3
(2

8.
0–

32
.6

)
21

.3
(1

6.
9–

26
.4

)

D
ri

nk
in

g 
st

at
us

, %
 (

95
%

 C
I)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 14

O
ve

ra
ll

A
P

R
I

F
IB

-4
N

F
S

N
or

m
al

A
bn

or
m

al
a

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

 
N

on
-d

ri
nk

er
 o

r 
no

n-
he

av
y 

dr
in

ke
r

91
.2

(9
0.

3–
92

.1
)

91
.6

(9
0.

8–
92

.5
)

70
.2

(6
2.

3–
78

.1
)

91
.4

(9
0.

5–
92

.3
)

85
.7

(8
1.

4–
90

.1
)

91
.0

(9
0.

0–
91

.9
)

94
.2

(9
1.

6–
96

.0
)

 
H

ea
vy

 d
ri

nk
er

8.
8

(7
.9

–9
.7

)
8.

4
(7

.5
–9

.2
)

29
.8

(2
1.

9–
37

.7
)

8.
6

(7
.7

–9
.5

)
14

.3
(9

.9
–1

8.
6)

9.
0

(8
.1

–1
0.

0)
5.

8
(4

.0
–8

.4
)

Sm
ok

in
g 

hi
st

or
y,

 %
 (

95
%

 C
I)

 
N

ev
er

41
.7

(3
9.

7–
43

.6
)

42
.1

(4
0.

1–
44

.1
)

23
.9

(1
4.

6–
33

.3
)

41
.9

(3
9.

9–
43

.9
)

35
.2

(2
9.

7–
40

.7
)

42
.1

(4
0.

0–
44

.1
)

35
.3

(3
1.

1–
39

.8
)

 
E

ve
r

58
.3

(5
6.

4–
60

.3
)

57
.9

(5
5.

9–
59

.9
)

76
.1

(6
6.

7–
85

.4
)

58
.1

(5
6.

1–
60

.1
)

64
.8

(5
9.

3–
70

.3
)

57
.9

(5
5.

9–
60

.0
)

64
.7

(6
0.

2–
68

.9
)

B
M

I 
ca

te
go

ry
, %

 (
95

%
 C

I)

 
N

or
m

al
/o

ve
rw

ei
gh

t (
<

30
 k

g/
m

2 )
65

.4
(6

3.
7–

67
.2

)
65

.5
(6

3.
8–

67
.3

)
62

.0
(5

2.
9–

71
.1

)
65

.3
(6

3.
5–

67
.1

)
69

.1
(6

3–
75

.2
)

67
.4

(6
5.

6–
69

.1
)

32
.5

(2
8.

8–
36

.4
)

 
O

be
se

 (
≥3

0 
kg

/m
2 )

34
.6

(3
2.

8–
36

.3
)

34
.5

(3
2.

7–
36

.2
)

38
.0

(2
8.

9–
47

.1
)

34
.7

(3
2.

9–
36

.5
)

30
.9

(2
4.

8–
37

.0
)

32
.6

(3
0.

9–
34

.4
)

67
.5

(6
3.

6–
71

.2
)

D
ia

be
te

s 
st

at
us

, %
 (

95
%

 C
I)

 
N

o 
di

ab
et

es
63

.5
(6

2.
1–

65
.0

)
63

.6
(6

2.
2–

65
.0

)
61

.9
(5

2.
8–

71
.0

)
64

.0
(6

2.
5–

65
.4

)
51

.7
(4

4–
59

.5
)

65
.9

(6
4.

4–
67

.3
)

24
.5

(2
0.

6–
28

.9
)

 
A

t r
is

k 
fo

r 
di

ab
et

es
22

.5
(2

1.
4–

23
.7

)
22

.6
(2

1.
4–

23
.8

)
17

.5
(9

.6
–2

5.
3)

22
.4

(2
1.

2–
23

.7
)

24
.8

(1
9.

2–
30

.4
)

22
.3

(2
1.

1–
23

.6
)

25
.4

(2
1.

2–
30

.1
)

 
C

on
tr

ol
le

d 
di

ab
et

es
5.

8
(5

.0
–6

.6
)

5.
7

(4
.9

–6
.6

)
7.

7
(2

.9
–1

2.
5)

5.
5

(4
.7

–6
.3

)
12

.5
(7

.0
–1

8.
0)

4.
5

(3
.8

–5
.4

)
26

.7
(2

2.
1–

32
.0

)

 
U

nc
on

tr
ol

le
d 

di
ab

et
es

8.
2

(7
.3

–9
.1

)
8.

1
(7

.2
–9

.0
)

12
.9

(6
.1

–1
9.

7)
8.

1
(7

.2
–9

.0
)

10
.9

(7
.4

–1
4.

4)
7.

3
(6

.4
–8

.2
)

23
.4

(1
9.

1–
28

.3
)

Se
lf

-r
ep

or
te

d 
liv

er
 d

is
ea

se
, %

 (
95

%
 C

I)

 
N

ev
er

95
.2

(9
4.

5–
95

.8
)

95
.6

(9
5.

0–
96

.2
)

75
.7

(6
4.

7–
84

.1
)

95
.6

(9
4.

9–
96

.2
)

85
.1

(7
8.

8–
89

.8
)

95
.4

(9
4.

6–
96

.0
)

92
.4

(8
8.

4–
95

.1
)

 
E

ve
r

4.
8

(4
.2

–5
.5

)
4.

4
(3

.8
–5

.0
)

24
.3

(1
5.

9–
35

.3
)

4.
4

(3
.8

–5
.1

)
14

.9
(1

0.
2–

21
.2

)
4.

6
(4

.0
–5

.4
)

7.
6

(4
.9

–1
1.

6)

H
C

V
 s

ta
tu

s,
 %

 (
95

%
 C

I)

 
H

C
V

 n
eg

at
iv

e
96

.7
(9

6.
0–

97
.3

)
97

.4
(9

6.
7–

97
.9

)
65

.3
(5

5.
6–

74
.0

)
97

.1
(9

6.
4–

97
.6

)
86

.2
(8

0.
4–

90
.4

)
96

.7
(9

6.
0–

97
.3

)
96

.1
(9

3.
4–

97
.7

)

 
H

C
V

 in
fe

ct
ed

3.
3

(2
.7

–4
.0

)
2.

6
(2

.1
–3

.3
)

34
.7

(2
6.

0–
44

.4
)

2.
9

(2
.4

–3
.6

)
13

.8
(9

.6
–1

9.
6)

3.
3

(2
.7

–4
.0

)
4.

0
(2

.3
–6

.6
)

H
B

V
 s

ta
tu

s,
 %

 (
95

%
 C

I)

 
N

eg
at

iv
e

92
.2

(9
1.

2–
93

.0
)

92
.4

(9
1.

5–
93

.3
)

79
.2

(7
0.

0–
86

.1
)

92
.4

(9
1.

4–
93

.3
)

85
.6

(7
9.

8–
89

.9
)

92
.3

(9
1.

3–
93

.2
)

90
.1

(8
6.

6–
92

.7
)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 15

O
ve

ra
ll

A
P

R
I

F
IB

-4
N

F
S

N
or

m
al

A
bn

or
m

al
a

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

 
C

ur
re

nt
 o

r 
pr

ev
io

us
 H

B
V

 in
fe

ct
ed

7.
8

(7
.0

–8
.8

)
7.

6
(6

.7
–8

.5
)

20
.8

(1
3.

9–
30

.0
)

7.
6

(6
.7

–8
.6

)
14

.4
(1

0.
1–

20
.2

)
7.

7
(6

.8
–8

.7
)

9.
9

(7
.3

–1
3.

4)

 
C

hr
on

ic
 H

B
V

 in
fe

ct
ed

0.
5

(0
.3

–0
.7

)
0.

5
(0

.3
–0

.7
)

1.
2

(3
.5

–4
.0

)
0.

5
(0

.3
–0

.7
)

0.
5

(0
.2

–1
.7

)
0.

5
(0

.3
–0

.7
)

0.
3

(0
.1

–1
.2

)

a C
ut

po
in

t f
or

 a
bn

or
m

al
 li

ve
r 

fi
br

os
is

 s
co

re
 e

qu
at

es
 to

 a
dv

an
ce

d 
fi

br
os

is
 (

A
PR

I 
>

1,
 F

IB
-4

 >
2.

67
 a

nd
 N

FS
 >

0.
67

6)
.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 16

Ta
b

le
 2

.

G
eo

m
et

ri
c 

M
ea

n 
Se

ru
m

 P
SA

 C
on

ce
nt

ra
tio

n 
(n

g/
m

L
) 

an
d 

95
%

 C
Is

 b
y 

Q
ui

nt
ile

 o
f 

Fi
br

os
is

 S
co

re
s 

A
m

on
g 

M
en

 4
0 

Y
ea

rs
 a

nd
 O

ld
er

, N
H

A
N

E
S 

20
01

–2
01

0

A
P

R
I

Q
1 

(<
0.

24
)

Q
2 

(0
.2

4 
to

 <
0.

29
)

Q
3 

(0
.2

9 
to

 <
0.

35
)

Q
4 

(0
.3

5 
to

 <
0.

44
)

Q
5 

(≥
0.

44
)

P
er

 1
 u

ni
t 

in
cr

ea
se

 in
 fi

br
os

is
 s

co
re

(p
 t

re
nd

)

M
od

el
 1

a
1.

03
 (

0.
98

,1
.0

9)
0.

96
 (

0.
91

,1
.0

2)
0.

94
 (

0.
89

,0
.9

9)
0.

97
 (

0.
93

,1
.0

1)
0.

89
 (

0.
84

,0
.9

5)
−

0.
36

 (
<

0.
00

1)

M
od

el
 2

b
1.

04
 (

0.
99

,1
.1

0)
0.

96
 (

0.
91

,1
.0

2)
0.

93
 (

0.
89

,0
.9

8)
0.

97
 (

0.
93

,1
.0

1)
0.

89
 (

0.
84

,0
.9

5)
−

0.
38

 (
<

0.
00

1)

F
IB

4

Q
1 

(<
0.

79
)

Q
2 

(0
.7

9 
to

 <
0.

99
)

Q
3 

(0
.9

9 
to

 <
1.

23
)

Q
4 

(1
.2

3 
to

 <
1.

62
)

Q
5 

(≥
1.

62
)

P
er

 1
 u

ni
t 

in
cr

ea
se

 in
 fi

br
os

is
 s

co
re

(p
 t

re
nd

)

M
od

el
 1

1.
03

 (
0.

97
,1

.0
8)

0.
96

 (
0.

92
,1

.0
1)

0.
97

 (
0.

91
,1

.0
3)

0.
94

 (
0.

89
,0

.9
9)

0.
90

 (
0.

84
,0

.9
6)

−
0.

09
 (

0.
00

7)

M
od

el
 2

1.
04

 (
0.

99
,1

.1
0)

0.
97

 (
0.

93
,1

.0
2)

0.
97

 (
0.

92
,1

.0
3)

0.
94

 (
0.

89
,0

.9
9)

0.
88

 (
0.

83
,0

.9
5)

−
0.

11
 (

0.
00

1)

N
F

S

Q
1 

(<
0.

17
)

Q
2 

(0
.1

7 
to

 <
0.

89
)

Q
3 

(0
.8

9 
to

 <
1.

58
)

Q
4 

(1
.5

8 
to

 <
2.

42
)

Q
5 

(≥
2.

42
)

P
er

 1
 u

ni
t 

in
cr

ea
se

 in
 fi

br
os

is
 s

co
re

(p
 t

re
nd

)

M
od

el
 1

1.
05

 (
1.

00
,1

.1
1)

0.
99

 (
0.

94
,1

.0
4)

1.
01

 (
0.

96
,1

.0
5)

0.
92

 (
0.

86
,0

.9
8)

0.
84

 (
0.

78
,0

.9
1)

−
0.

06
 (

<
0.

00
1)

M
od

el
 2

1.
02

 (
0.

96
,1

.0
8)

0.
96

 (
0.

92
,1

.0
1)

1.
00

 (
0.

95
,1

.0
4)

0.
93

 (
0.

87
,0

.9
9)

0.
89

 (
0.

82
,0

.9
6)

−
0.

04
 (

0.
01

7)

a M
od

el
 1

 a
dj

us
te

d 
fo

r 
ag

e 
an

d 
ra

ce
;

b M
od

el
 2

 a
dj

us
te

d 
fo

r 
th

e 
ag

e,
 r

ac
e,

 B
M

I 
ca

te
go

ry
, d

ia
be

te
s 

st
at

us
, a

lc
oh

ol
 d

ri
nk

in
g 

st
at

us
 a

nd
 s

m
ok

in
g 

st
at

us
.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 17

Ta
b

le
 3

.

G
eo

m
et

ri
c 

M
ea

n 
Se

ru
m

 P
SA

 C
on

ce
nt

ra
tio

n 
(n

g/
m

L
) 

an
d 

95
%

 C
on

fi
de

nc
e 

In
te

rv
al

s 
by

 A
bn

or
m

al
 v

er
su

s 
N

or
m

al
 F

ib
ro

si
s 

Sc
or

es
 O

ve
ra

ll 
an

d 
B

y 
R

ac
e/

E
th

ni
ci

ty
 A

m
on

g 
M

en
 4

0 
Y

ea
rs

 a
nd

 O
ld

er
, N

H
A

N
E

S 
20

01
–2

01
0

O
ve

ra
ll

W
hi

te
 (

no
n-

H
is

pa
ni

c)
B

la
ck

 (
no

n-
H

is
pa

ni
c)

M
ex

ic
an

-A
m

er
ic

an
/O

th
er

 H
is

pa
ni

c

A
P

R
I

N
or

m
al

A
bn

or
m

al
c

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

N
or

m
al

A
bn

or
m

al

M
od

el
 1

a
0.

96
0.

75
0.

97
0.

69
1.

00
0.

86
0.

95
0.

89

(0
.9

4,
0.

99
)

(0
.6

4,
0.

88
)

(0
.9

4,
1.

00
)

(0
.5

5,
0.

86
)

(0
.9

5,
1.

06
)

(0
.6

6,
1.

12
)

(0
.8

9,
1.

01
)

(0
.7

2,
1.

09
)

M
od

el
 2

b
0.

96
0.

76
0.

97
0.

71
1.

00
0.

82
0.

95
0.

9

(0
.9

4,
0.

99
)

(0
.6

4,
0.

89
)

(0
.9

4,
1.

00
)

(0
.5

7,
0.

89
)

(0
.9

5,
1.

07
)

(0
.6

3,
1.

07
)

(0
.8

9,
1.

01
)

(0
.7

2,
1.

13
)

F
IB

4

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

M
od

el
 1

0.
96

0.
81

0.
97

0.
79

1.
00

0.
92

0.
95

0.
88

(0
.9

4,
0.

99
)

(0
.7

0,
0.

93
)

(0
.9

4,
1.

00
)

(0
.6

6,
0.

95
)

(0
.9

4,
1.

06
)

(0
.7

2,
1.

18
)

(0
.8

9,
1.

01
)

(0
.6

7,
1.

15
)

M
od

el
 2

0.
96

0.
80

0.
97

0.
79

1.
00

0.
89

0.
95

0.
88

(0
.9

4,
0.

99
)

(0
.7

0,
0.

93
)

(0
.9

4,
1.

00
)

(0
.6

6,
0.

95
)

(0
.9

5,
1.

06
)

(0
.6

9,
1.

13
)

(0
.8

9,
1.

01
)

(0
.6

6,
1.

17
)

N
F

S

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

N
or

m
al

A
bn

or
m

al
N

or
m

al
A

bn
or

m
al

M
od

el
 1

0.
97

0.
77

0.
97

0.
78

1.
00

0.
98

0.
95

0.
82

(0
.9

5,
1.

00
)

(0
.7

1,
0.

84
)

(0
.9

4,
1.

00
)

(0
.7

1,
0.

86
)

(0
.9

4,
1.

06
)

(0
.7

9,
1.

22
)

(0
.8

9,
1.

01
)

(0
.6

6,
1.

01
)

M
od

el
 2

0.
97

0.
83

0.
97

0.
85

1.
00

1.
02

0.
95

0.
84

(0
.9

4,
0.

99
)

(0
.7

7,
0.

90
)

(0
.9

4,
1.

00
)

(0
.7

7,
0.

94
)

(0
.9

4,
1.

06
)

(0
.8

1,
1.

29
)

(0
.8

9,
1.

01
)

(0
.6

9,
1.

04
)

a M
od

el
 1

 a
dj

us
te

d 
fo

r 
ag

e 
an

d 
ra

ce
, n

um
be

rs
 w

ith
 b

ol
d 

fo
nt

 im
pl

ie
s 

p<
0.

05
;

b M
od

el
 2

 a
dj

us
te

d 
fo

r 
th

e 
ag

e,
 r

ac
e,

 B
M

I 
ca

te
go

ry
, d

ia
be

te
s 

st
at

us
, a

lc
oh

ol
 d

ri
nk

in
g 

st
at

us
 a

nd
 s

m
ok

in
g 

st
at

us
;

c C
ut

po
in

t f
or

 a
bn

or
m

al
 li

ve
r 

fi
br

os
is

 e
qu

at
es

 to
 a

dv
an

ce
d 

fi
br

os
is

 (
A

PR
I 

>
1,

 F
IB

-4
 >

2.
67

 a
nd

 N
FS

 >
0.

67
6)

.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 18

Ta
b

le
 4

.

O
dd

s 
R

at
io

s 
an

d 
95

%
 C

Is
 f

or
 th

e 
A

ss
oc

ia
tio

n 
be

tw
ee

n 
Fi

br
os

is
 S

co
re

s 
an

d 
E

le
va

te
d 

Se
ru

m
 P

SA
 C

on
ce

nt
ra

tio
n 

O
ve

ra
ll 

A
m

on
g 

M
en

 4
0 

Y
ea

rs
 a

nd
 O

ld
er

, 

N
H

A
N

E
S 

20
01

–2
01

0

O
dd

s 
R

at
io

 (
95

%
 C

I)
a

P
SA

 >
 3

 n
g/

m
L

P
SA

 >
 4

 n
g/

m
L

A
P

R
I

 
N

or
m

al
1 

[r
ef

er
en

ce
]

1 
[r

ef
er

en
ce

]

 
A

bn
or

m
al

0.
75

 (
0.

37
,1

.4
9)

0.
33

 (
0.

11
,0

.9
6)

Pe
r 

1 
SD

 (
0.

31
) 

ch
an

ge
0.

91
 (

0.
79

,1
.0

4)
0.

76
 (

0.
62

,0
.9

2)

F
IB

4

 
N

or
m

al
1 

[r
ef

er
en

ce
]

1 
[r

ef
er

en
ce

]

 
A

bn
or

m
al

0.
74

 (
0.

47
,1

.1
5)

0.
67

 (
0.

44
,1

.0
3)

Pe
r 

1 
SD

 (
0.

74
) 

ch
an

ge
0.

85
 (

0.
77

,0
.9

4)
0.

84
 (

0.
75

,0
.9

4)

N
F

S

 
N

or
m

al
1 

[r
ef

er
en

ce
]

1 
[r

ef
er

en
ce

]

 
A

bn
or

m
al

1.
01

 (
0.

73
,1

.3
9)

0.
98

 (
0.

66
,1

.4
6)

Pe
r 

1 
SD

 (
1.

37
) 

ch
an

ge
0.

88
 (

0.
78

,0
.9

9)
0.

91
 (

0.
78

,1
.0

7)

a A
dj

us
te

d 
fo

r 
th

e 
ag

e,
 B

M
I 

ca
te

go
ry

, d
ia

be
te

s 
st

at
us

, a
lc

oh
ol

 d
ri

nk
in

g 
st

at
us

 a
nd

 s
m

ok
in

g 
st

at
us

.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 February 01.


	Abstract
	Introduction
	Materials and Methods
	Study Population
	PSA Measurement
	Liver Fibrosis Assessment
	Statistical analysis

	Results
	Study Population Characteristics
	Liver fibrosis scores and geometric mean PSA
	Liver fibrosis scores and elevated PSA concentration

	Discussion
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

