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Introduction

Chronic congestive heart failure (CCHF) is a serious 
condition, the prevalence of which is increasing worldwide, 
particularly among those >60 years of age (1-3). CCHF 
occurs in the final stages of many heart conditions and can 
cause elevated pressure in the right atrium and ventricle 

leading to liver congestion. In turn, this can stimulate 
connective tissue hyperplasia, cause liver fibrosis and 
other liver organic lesions, and even cause cirrhosis of the  
liver (4-6).

Hepatic fibrosis is typically seen in the early stages 
of congestive liver disease, and while liver biopsy is the 
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traditional gold standard diagnostic method, its invasive 
nature limits its use (7-9). Liver ultrasound transient 
elastography (LUTE) is a non-invasive method which has 
been widely used to detect liver fibrosis (10-12) and in 
recent years, several studies have assessed liver fibrosis in 
patients with acute decompensated heart failure (ADHF) 
using this method. The results of these investigations has 
shown that liver stiffness at admission is related to clinical 
congestion and volume overload, that the median values 
of liver stiffness decreases during hospitalization, and that 
liver stiffness at discharge is associated with all-cause death 
and HF readmission (13-17). However, these studies have 
only discussed liver fibrosis seen in acute aggravated heart 
failure during hospitalization, and research on liver fibrosis 
in patients with CCHF after discharge is rare.

The National Health and Nutrition Examination Survey 
(NHANES) is a programme of studies designed to assess 
the health and nutritional status of adults and children 
in the United States that combines the interviews and 
physical examinations of thousands of households, which 
do not include ADHF or hospitalized patients (18). In 
this study, we performed a cross-sectional study to explore 
liver stiffness in patients with and without CCHF using 
LUTE, by analyzing data from NHANES 2017–2018. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1362).

Methods

Study population and data collection

In the cross-sectional study, participants were drawn from 
the NHANES (2017–2018) released in Feb 2020. All 
NHANES participants provided informed consent. All 
participants who underwent LUTE were included and 
those with liver disease were excluded from our study. 
Liver stiffness and baseline data, such as demographic data, 
physical examination, laboratory data, and questionnaire 
data, were collected and compared between participants 
with and without CCHF, the latter who were designated 
as a control group. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
waived from review by the Institutional Review Board of 
Shanghai Tenth People’s Hospital, Tongji University School 
of Medicine.

LUTE measurement

In the NHANES, LUTE was performed in Mobile 
Examination Centers (MEC) using a FibroScan® model 
502 V2 Touch with a medium (M) or extra-large (XL) wand 
(probe), where liver stiffness was measured and recorded 
as kilopascals. A detailed description of the procedures 
is documented in the LUTE procedures manual of  
NHANES (19). The predefined stiffness cut-off values were 
greater than 7.65 kPa for substantial fibrosis and greater 
than 13.01 kPa for cirrhosis (20).

Statistical analysis

Continuous data were presented as mean ± SD or median 
(25% percentile, 75% percentile) according to whether the 
data were normally distributed, and categorical variables 
were presented as percentages. Comparisons among groups 
were performed using Student’s t-test or one-way analysis 
of variance for variables of normal distribution and non-
parametric tests for variables of non-normal distribution. 
P<0.05 was statistically significant.

Results

General information of the study

A total of 5,950 participants underwent LUTE in 
NHANES (2017–2018), and after excluding 1,361 patients 
with liver disease, 4,589 participants were included in the 
study, among whom 110 had CCHF (Figure 1). The median 
age of the CCHF group was 69 years (61–77 years), and 
68.2% of cases were male (Table 1). Compared with the 
control group, the CCHF group had considerably higher 
rates of hypertension (HBP), diabetes (DM), obesity, 
coronary heart disease (CAD), and chronic obstructive 
pulmonary disease (COPD), all of which are risk factors or 
direct causes of CCHF.

Baseline characteristics of included participants

The median stiffness of the CCHF group was 6.0 kPa, 
which was higher than that of the control [6.0 (4.5–10.0) 
vs. 5.0 (4.0–6.1) kPa, P<0.0001]. ALP and GGT were 
significantly higher in the CCHF group than in the 
control group (P<0.001 and P=0.035, respectively), and 
total bilirubin was mildly elevated in the CCHF group 
compared to the control group (8.31 vs. 7.82, P=0.37). 
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Participants of NHANES
(2017–2018)

n=8,704
Participants without 

LUTE excluded
n=2,754

Participants underwent 
LUTE

n=5,950
Participants with liver 

diseases excluded
n=1,361

Eligible participants 
included
n=4,589

Eligible participants 
with CCHF

n=110

Eligible participants 
without CCHF

n=4,479

Figure 1 Flow chart of participant selection. NHANES, National Health and Nutrition Examination Survey; LUTE, liver ultrasound 
transient elastography; CCHF, chronic congestive heart failure.

Albumin was significantly lower in the CCHF group than 
in the control group (P<0.001), while globulin was slightly 
higher (P=0.08). The platelet count was significantly lower 
in the CCHF group than in the control group (219.2 vs. 
244.6, P<0.001), and all renal function indexes, such as 
creatinine, urea nitrogen, and uric acid, were significantly 
greater in the CCHF group than in the control group 
(P<0.001). Glycohemoglobin and fasting blood glucose 
were significantly higher in the CCHF group than in the 
control group (P<0.001), and CRP was significantly higher 
in the CCHF group than in the control group (8.94 vs. 
3.88, P=0.01). Finally, LDH was significantly higher in the 
CCHF group than in the control group (175.1 vs. 158.2, 
P=0.019), and the serum levels of hepatic transaminases 
(ALT and AST) were similar between the two groups.

CCHF patients stratified by liver stiffness value

Patients with CCHF were further stratified into a low 
stiffness (LS) group (74/110, 67.27%), fibrosis group 
(20/110, 18.18%), and cirrhosis group (16/110, 14.55%) 
according to the cut-off values of fibrosis and cirrhosis (19) 
(Table 2). While hepatic aminotransferase levels, including 
AST and ALT, gradually increased according to liver 
stiffness, they did not reach statistical significance. The 
serum globulin level gradually also increased (P=0.01), while 
the serum albumin level, the ratio of albumin/globulin  
(A/G), and the platelet counts gradually decreased according 
to liver stiffness (P=0.26, P=0.03 and P=0.011, respectively).

Discussion

NHANES is a nationwide survey assessing the health 
and nutritional status of large segments of the U.S  
population (18). As the participants were not hospitalized, 
the findings likely reflect the reality of the conditions 
surveyed, including CCHF, in the general population. 
Our results showed 2.4% of the surveyed population had 
CCHF, which is a figure similar to recent heart disease and 
stroke statistics of the American Heart Association (21). 
We found the liver stiffness of patients with CCHF was 
significantly higher than that of the control group and the 
median stiffness of CCHF patients was 6.0 (4.5–10.0) kPa.  
Further, most patients (67.27%) had no or mild liver 
stiffness, while a few patients progressed to liver fibrosis 
(18.18%) and cirrhosis (14.55%). These findings differ from 
the results of studies investigating patients with acute heart 
failure. In 2010, Colli explored 27 hospitalized patients with  
ADHF (15) and found the median admission and discharge 
stiffness values were 8.80 kPa (5.92–11.90 kPa) and 7.20 kPa 
(5.20–11.30 kPa), respectively, while at admission, 14 (58%) 
patients had liver fibrosis, five of whom (21%) had cirrhosis. 
In 2013, Alegre explored 10 hospitalized patients with 
ADHF and found that the median admission and discharge 
stiffness values were 14.4 kPa (8.3–18.8 kPa) and 8.2 kPa 
(5.1–11.2 kPa), respectively (17). In another study, Soloveva 
explored 149 hospitalized patients with ADHF and found 
85.9% had significant stiffness (13). The median values of 
liver stiffness were 12.2 (6.3–23.6) kPa on admission and 
8.7 (5.9–14.4) kPa at discharge. In addition, Saito explored 
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Table 1 Baseline characteristics of included participants

Variable Control CCHF P values

n 4,479 110 –

Median stiffness (kPa) 5.0 (4.0–6.1) 6.0 (4.5–10.0) <0.0001

Male (%) 48.6 68.2 <0.001

Age [yrs] 51 [35–64] 69 [61–77] <0.001

Hypertension (mmHg) (%) 35.66 82.73 <0.001

Coronary heart disease (%) 2.9 43.0 <0.001

Diabetes (%) 14.1 52.4 <0.001

Obesity (%) 39.58 61.82 <.0001

COPD (%) 3.8 25.9 <0.001

Total cholesterol (mmol/L) 4.81 (4.19–5.51) 4.23 (3.57–4.97) <0.001

ALT [IU/L] 18 [13–25] 18 [13–23] 0.4012

AST [IU/L] 19 [16–23] 19 [16–24] 0.4858

ALP [IU/L] 74 [62–90] 83.5 [70–100] 0.0003

GGT [IU/L] 21 [14–32] 26 [18–41] 0.0004

LDH [IU/L] 154 [137–175] 164 [140–194] 0.0059

Total bilirubin (μmol/L) 6.84 (5.13–10.26) 6.84 (5.13–10.26) 0.5897

Platelet count [1,000 cells/μL] 237 [202–280] 210 [172–254] <0.0001

Creatinine (μmol/L) 74.26 (62.76–88.40) 98.12 (74.26–121.11) <0.0001

Urea nitrogen (mmol/L) 5.00 (3.93–6.07) 6.78 (5.00–9.28) <0.0001

Uric acid (μmol/L) 315.2 (261.7–374.7) 377.7 (309.3–452.0) <.0001

Albumin [g/L] 41 [39–43] 39 [37–41] <0.0001

Globulin [g/L] 31 [28–33] 32 [29–35] 0.0593

A/G 1.33 (1.18, 1.5) 1.25 (1.08, 1.45) 0.0023

Glucose (mmol/L) 5.16 (4.83–5.72) 5.75 (5.27–6.99) <0.0001

Glycohemoglobin (%) 5.6 (5.3–6.0) 6.2 (5.7–6.9) <.0001

CRP (mg/L) 1.87 (0.87–4.31) 2.98 (1.62–6.22) 0.0104

CCHF, chronic congestive heart failure; COPD, chronic obstructive pulmonary disease, ALP, alkaline phosphatase; ALT, alanine 
transaminase; AST, aspartate aminotransferase; GGT, γ-glutamyl transpeptidase; LDH, lactate dehydrogenase; A/G, albumin/globulin; 
CRP, C-reactive protein.

105 hospitalized patients with ADHF and found the median 
liver stiffness to be 8.8 (4.9–21.6) kPa, and 50.5% had high 
stiffness (14). Patients with ADHF in the above studies had 
higher proportions of increased liver stiffness and median 
liver stiffness values than patients with CCHF in our study, 
suggesting that less liver stiffness is more likely to be caused 
by CCHF in comparison to ADHF.

CCHF may cause liver congestion and stiffness, 
subsequent fibrosis, and cirrhosis, which is referred to 
as congestive hepatopathy (22-25). Transaminases are 
important biomarkers of hepatic injury and are elevated in 
severe liver fibrosis and cirrhosis (26,27). However, Allen 
found that ALT and AST were less commonly abnormal in 
2,679 patients with CCHF when analyzing results from the 
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Table 2 Laboratory data of CCHF patients stratified by liver stiffness value

Variable Low stiffness group Fibrosis group Cirrhosis group P values

n 74 (67.27%) 20 (18.18%) 16 (14.55%) –

Median stiffness (kPa) 4.70 (4.20–6.00) 10.05 (8.80–11.20) 17.15 (14.45–23.75) <0.0001

Total cholesterol (mmol/L) 4.24 (3.57–5.15) 4.15 (3.59–4.72) 4.34 (3.44–5.20) 0.8920

ALT [IU/L] 17 [13–22] 18 [12.0–25.5] 18 [14–29] 0.7999

AST [IU/L] 19 [17–24] 20.5 [15.5–24.0] 21 [15–25] 0.9186

ALP [IU/L] 82 [70–96] 89.5 [67.0–112.5] 92 [62–124] 0.3692

GGT [IU/L] 23 [15–32] 44.5 [32.5–68.0] 31 [18–85] <0.0001

LDH [IU/L] 164 [143–191] 152 [129–186] 167 [150–213] 0.2592

Total bilirubin (μmol/L) 6.84 (5.13–8.55) 8.55 (3.42–10.26) 6.84 (5.13–13.68) 0.5602

Platelet count [1,000 cells/μL] 223 [188–259] 184 [163.5–210.5] 160 [151–238] 0.0106

Creatinine (μmol/L) 92.82 (72.49–121.11) 101.66 (90.61–122.88) 98.12 (92.82–121.18) 0.2024

Urea nitrogen (mmol/L) 6.07 (5.00–8.21) 9.11 (6.07–12.32) 8.57 (5.71–15.71) 0.0121

Uric acid (μmol/L) 367.10±89.42 401.20±166.38 432.62±112.45 0.0864

Albumin (g/L) 49.49±4.05 39±4.01 37.60±4.27 0.2634

Globulin [g/L] 31 [27–33] 32.5 [30–37] 35 [33–38] 0.0112

A/G 1.32 (1.15–1.46) 1.20 (1.03–1.49) 1.09 (0.91–1.21) 0.0309

Glucose (mmol/L) 5.66 (5.27–6.61) 6.14 (5.11–7.38) 5.61 (5.44–8.16) 0.6690

Glycohemoglobin (%) 6.1 (5.7–6.7) 6.2 (6.0–7.1) 6.7 (5.7–7.7) 0.2001

CRP (mg/L) 2.31 (1.05–5.69) 5.32 (2.54–9.16) 3.67 (2.76–11.13) 0.0127

CCHF, chronic congestive heart failure; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, 
γ-glutamyl transpeptidase; LDH, lactate dehydrogenase; A/G, Albumin/Globulin; CRP, C-reactive protein.

CHARM study (28), which is consistent with our results 
and those of Soloveva and Saito (13,14). This implies 
most hepatic injuries caused by heart failure are in the 
compensatory period and are not serious.

Cholestasis is characterized by rising serum bilirubin, 
ALP, and GGT levels. In Soloveva study, ADHF patients 
with moderate and high liver stiffness had higher serum 
bilirubin levels than those without (13). In addition, in 
Saito’s study, ADHF patients with high stiffness presented 
with higher serum bilirubin and GGT levels (14). In our 
study, ALP and GGT increased significantly in CCHF 
patients compared to controls, while the total bilirubin 
level did not differ significantly between the two. However, 
none of these parameters varied significantly from the low 
stiffness group to the high stiffness group.

Serious liver fibrosis causes liver dysfunction, and 
especially affects the synthetic function of cholesterol and 

protein (29,30). In Saito’s study, patients with ADHF with 
high liver stiffness presented with lower total cholesterol 
(TC), while albumin did not change significantly (14). In 
our study, both TC and albumin decreased significantly in 
CCHF patients compared to controls, while the A/G ratio 
decreased significantly. Furthermore, compared to CCHF 
with low stiffness, the A/G of patients with moderate or 
high stiffness decreased significantly, although TC did 
not change significantly in patients with moderate or high 
stiffness. Our findings suggest hepatic congestion caused by 
CCHF has a greater effect on the synthesis of protein than 
cholesterol, which differs to that seen in ADHF.

Thrombocytopenia is a common finding in cirrhosis and 
is mainly caused by hypersplenism caused by portal HBP 
(31,32). Saito et al. (14) found ADHF patients with high 
liver stiffness presented with lower platelet counts, and in 
our study, platelet levels in patients with CCHFs decreased 
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significantly compared to the control. Furthermore, 
compared to CCHF patients with low stiffness, the platelet 
counts of patients with moderate or high stiffness decreased 
significantly, which may imply that hypersplenism is 
common in ADHF- and CCHF-induced congestive 
hepatopathy.

CRP is an important inflammatory factor (33) and recent 
studies have shown it is associated with liver fibrosis and 
cirrhosis (34-36). In our study, CRP increased significantly 
in the CCHF group compared to controls. Furthermore, 
compared to CCHF patients with low stiffness, the CRP 
levels of patients with moderate or high stiffness increased 
significantly, suggesting CRP is positively associated with 
liver fibrosis caused by CCHF and is sensitive to liver 
stiffness grades.

There are two limitations to the current study. First, as 
there is a lack of heart function indexes, such as BNP and 
echocardiographic parameters, we could not explore the 
relationship between heart function and the grade of liver 
fibrosis. Second, as a cross-sectional study, NHANES does 
not provide data about clinical outcomes, which prevented 
us from investigating the relationship between the liver 
stiffness of patients with CCHF and prognosis. Future 
prospective studies investigating cardiac function and 
clinical outcomes are warranted.

Conclusions

Patients with CCHF have higher liver stiffness values 
than patients without. Nearly early one-third of CCHF 
patients have substantial fibrosis, and more than one in 
seven patients progress to cirrhosis, which is less than that 
of patients with ADHF. The A/G ratio decreased gradually 
with increasing stiffness and may be a potential biomarker 
for liver stiffness caused by CCHF.
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