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Abstract: Background/aim: Frailty is increasingly recognized as a relevant prognostic
factor in patients with cirrhosis, regardless of liver failure. Vitamin D deficiency is frequent
in these patients and has been related to frailty and sarcopenia, but the impact of its
supplementation on frailty in cirrhosis is unknown. The aim was to evaluate the effect
of vitamin D supplementation on frailty in patients with decompensated cirrhosis and
vitamin D deficiency or insufficiency. Methods: We included patients with cirrhosis
who had vitamin D deficiency or insufficiency following their hospitalization for acute
decompensation. Vitamin D was supplemented according to current recommendations,
as were other micronutrients if necessary. Patients were followed for one year to evaluate
changes at 6 and 12 months in frailty (Fried frailty index), health-related quality of life
(SF-36, CLDQ) and mood (HADS). Body composition was assessed by DXA at baseline and
at 12 months. Results: We included 39 patients, 27 of whom reached the 6-month follow-
up. Serum vitamin D increased at 6 and 12 months (p < 0.001 compared to baseline).
Fried frailty index improved at the 6-month visit (p = 0.004), and handgrip strength
improved at 6 (p = 0.001) and 12 (p = 0.002) months, similarly in women and men. At
12 months, we observed an increase in body mass index, right arm lean mass and total
fat mass. Conclusions: A multifactorial nutritional intervention, especially vitamin D
supplementation after discharge in decompensated, vitamin D-deficient patients with
cirrhosis, was associated with an improvement in frailty, muscular strength and lean
muscle mass. However, the increase in fat mass strengthens the recommendation for
diet, exercise and weight supervision.
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1. Introduction
Frailty is increasingly recognized as a relevant prognostic factor in patients with

cirrhosis, independently of the degree of liver failure as measured by conventional scoring
systems such as Child–Pugh or MELD [1–3]. A mainstay component of the frailty syndrome
in cirrhosis is sarcopenia, defined as a loss of muscle function and mass, but the concept of
frailty is multidimensional and multifactorial [1–3]. Many factors are known to contribute
to frailty in these patients, including vitamin deficits, especially vitamin D [4].

Vitamin D has gained interest in recent decades because of its pleiotropic extraskeletal
functions [5], such as muscle function [6]. Its deficiency is a relevant finding in several
diseases, including cardiovascular diseases [7], HIV infection [8], chronic hepatitis B [9]
and sepsis-associated acute kidney injury [10]. In patients with cirrhosis, vitamin D hypovi-
taminosis has been associated with sarcopenia [4] and frailty [3]. The effect of vitamin D
supplementation on muscle mass and strength has been evaluated in a previous study [11],
but to our knowledge, the impact of vitamin D supplementation on frailty in patients with
cirrhosis has not been specifically addressed.

The aim of this study was to assess the impact of vitamin D supplementation on frailty
and body composition in vitamin D-deficient subjects with decompensated cirrhosis.

2. Materials and Methods
2.1. Design

This observational prospective study was performed in patients with cirrhosis and
vitamin D deficiency who were discharged after hospitalization for decompensation at two
tertiary hospitals in Spain (Hospital General Universitario Gregorio Marañón [HGUGM],
Madrid and Hospital de la Santa Creu i Sant Pau [HSCSP], Barcelona). HGUGM performs
liver transplants, but HSCSP does not. Consecutive patients discharged from the Hepatol-
ogy Unit at either hospital between September 2017 and January 2020 were assessed before
initiating vitamin D supplementation and at 6 and 12 months after enrolment.

2.2. Patients

Patients aged over 18 years and discharged after hospitalization for decompensated cir-
rhosis in the previous 6 weeks were screened for participation in the study. Exclusion criteria
were: (i) human immunodeficiency virus infection; (ii) hepatocellular carcinoma beyond
Milan criteria; (iii) comorbidities with life expectancy < 6 months; (iv) vitamin D supplemen-
tation at inclusion; (v) contraindication for vitamin D supplementation; (vi) neurological or
musculoskeletal conditions that did not allow assessment; (vii) previous liver transplanta-
tion; (viii) recent (last 6 months) harmful use of alcohol (men > 40 g/d, women > 20 g/d);
(ix) cholestatic liver disease such as primary biliary cholangitis or primary sclerosing cholan-
gitis in order to avoid the contribution of impaired absorption of vitamin D by cholestasis;
(x) hepatitis C antiviral therapy within the last 6 months; (xi) MELD > 30 at inclusion; and
(xii) immunosuppressive therapy to avoid its potential effect on frailty and bone loss. A
history of liver disease, complications of cirrhosis, comorbidities and medical treatment
were recorded at baseline and during follow-up.

2.3. Treatment

All participants were evaluated following standard procedures. Vitamin D status was
determined by measuring plasma levels of 25OHD in accordance with the local labora-
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tory procedure. Patients with insufficiency (25OHD 20–30 ng/mL or 50–75 nmol/L) or
deficiency (25OHD < 20 ng/mL or <50 nmol/L) were prescribed vitamin D supplements
according to local guidelines available at the time of inclusion in the study, and super-
vised by the nutritionists. Briefly, patients with an insufficiency received 16,000 UI every
two weeks, and those with a deficiency received 16,000 UI every week—all of them with
regular controls and adjustments [12,13] (Supplementary Table S1). If any other nutritional
deficits were detected, they were also supplemented by the physician in charge.

2.4. Anthropometric Assessments

We determined weight, height, body mass index and right arm measurements. Mea-
surements in the arm consisted of mid-arm circumference and triceps skinfold thickness,
both used to calculate mid-arm muscle circumference [14] and to estimate muscle mass and
fat mass.

2.5. Frailty

Frailty was assessed according to the five criteria of the Fried frailty index (uninten-
tional weight loss, reduced handgrip strength, slow walking speed, self-reported exhaus-
tion and low physical activity). Patients were considered frail if they met ≥3 criteria and
non-frail if they met 0–2 criteria (including pre-frail 1–2 criteria and robust 0 criteria) [3,15].

The Braden scale was used to evaluate pressure ulcer risk, and it was included as a
complementary evaluation of frailty. This scale includes six domains: sensory perception,
activity, mobility, moisture, nutrition, friction and shear. Higher scores imply lower risk [16].

We used the Fracture Risk Assessment Tool (FRAX) to calculate the percentage risk at
10 years of osteoporotic fracture and hip fracture on the basis of demographic and clinical
characteristics of patients and femoral neck bone mineral density [17]. The Tinetti scale
was used to evaluate balance, gait and the risk of falls. Higher scores indicate lower risk of
fall [18].

2.6. Incidence of Falls and Other Clinical Events

Falls were assessed retrospectively and prospectively at each visit during the study
using a previously described specific questionnaire and a review of clinical records [19]. The
mean number of falls per month was calculated for the previous year and during follow-up.
We also recorded hospitalizations, mortality and the need for liver transplantation during
follow-up.

2.7. Handgrip Muscular Strength

Handgrip strength was evaluated using a dynamometer (KERN MAP-BA-s-0910)
following the manufacturer’s instructions. We calculated the mean of three consecutive
measurements. Values below 27 kg in men and 16 kg in women were used for the diagnosis
of sarcopenia [20].

2.8. Body Composition by Dual Energy X-Ray Absorptiometry (DXA)

Body composition analysis was performed at baseline and 12 months by DXA with an
iDXA scanner, GE Healthcare (Madison, WI, USA) in HGUGM and a Hologic Discovery
DXA system (Hologic, Bedford, MA, USA) in HSCSP. The coefficient of variation was 1%.
Scan acquisition and analysis were performed blindly by certified and experienced techni-
cians in accordance with ISCD standards (https://iscd.org/, accessed on 1 January 2017).
To avoid the potential confounding effect of leg oedema, we estimated the appendicular
lean mass using only the lean mass of the arms.

https://iscd.org/
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2.9. Health-Related Quality of Life (HRQoL) and Mood: SF-36, CLDQ and HADS

The Medical Outcomes Short Form (SF-36) questionnaire was administered to patients
to evaluate HRQoL. This test has 36 items that cover eight domains. The eight domains
can be grouped into two measures: the Physical Component Score (including physical
functioning, role-limitation physical, bodily pain and general health) and the Mental
Component Score (vitality, social functioning, role-limitation emotional and mental health).
Higher scores indicate better HRQoL, and the SF-36 has been validated for the Spanish
population [21].

The Chronic Liver Disease Questionnaire (CLDQ) was also used to measure HRQoL.
This tool includes 29 items distributed into six domains: fatigue, emotional function, worry,
activity, abdominal symptoms and systemic symptoms. Each domain score is the mean
of the items contained, and the overall score is the mean of all domains. Higher scores
indicate better HRQoL, and CLDQ has also been validated for the Spanish population [22].

The Hospital Depression and Anxiety Scale (HADS) was used to evaluate mood in
two subscales: depression and anxiety. Higher values indicate higher levels of depression
or anxiety [23].

2.10. Analytical Determinations

A battery of analytical determinations, including parameters of nutrition, vitamins
and oligoelements was performed at baseline, 6 months and 12 months.

2.11. Statistical Analysis

Results are expressed as the number of patients, percentages and median (inter-quartile
range) or mean ± SEM. A Chi-square test or the Fisher exact test was used to analyse dif-
ferences between categorical variables. The Student’s t-test or the Mann–Whitney test was
used to compare continuous variables at baseline. Depending on the variable distribution,
parametric or non-parametric tests were applied to study the changes in the variables using
the paired Student’s t-test or the Wilcoxon test. The normality of continuous variables was
evaluated using the Shapiro–Wilk test. Pearson’s or Spearman’s correlation coefficient test
was applied to study correlations between variables. The Jonckheere–Terpstra test was
applied to evaluate the association between quantitative variables organized in ordinal
categories. A two-sided p-value < 0.05 was considered statistically significant. Statistical
analysis was performed using IBM SPSS Statistics for Windows (version 29.0.1.1; IBM Corp,
Armonk, NY, USA).

3. Results
During the inclusion period, 403 patients were evaluated, and those meeting the

inclusion criteria were invited to participate. A total of 364 were not eligible, and 39 were
finally included (Figure 1).

Twenty-seven patients completed the 6-month evaluation (HGUGM = 14, HSCSP = 13)
and were included in the analysis. Twenty-two patients completed the 12-month evaluation.
Table 1 shows the characteristics of patients at inclusion. All patients presented vitamin
D insufficiency (30%) or deficiency (70%). Patients from the HGUGM were younger and
had more advanced liver insufficiency and lower right arm skinfold than patients from
the HSCSP, probably because the HGUGM performs liver transplantation while HSCSP
does not and refers candidates to liver transplantation to other centres. Patients from the
HSCSP had higher FRAX scores, lower HADS depression and lower vitamin D levels than
patients from HGUGM, probably because the patients were older in HSCSP. We did not
find a correlation between the Fried frailty index or handgrip strength and vitamin D levels
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at baseline. The Fried frailty index, handgrip strength and vitamin D levels do not correlate
with the liver function tests at baseline.

Med. Sci. 2025, 13, x FOR PEER REVIEW 5 of 18 
 

 

 

Figure 1. Flowchart of the study. 

Twenty-seven patients completed the 6-month evaluation (HGUGM = 14, HSCSP = 13) 
and were included in the analysis. Twenty-two patients completed the 12-month evaluation. 
Table 1 shows the characteristics of patients at inclusion. All patients presented vitamin D 
insufficiency (30%) or deficiency (70%). Patients from the HGUGM were younger and had 
more advanced liver insufficiency and lower right arm skinfold than patients from the 
HSCSP, probably because the HGUGM performs liver transplantation while HSCSP does 
not and refers candidates to liver transplantation to other centres. Patients from the HSCSP 
had higher FRAX scores, lower HADS depression and lower vitamin D levels than patients 
from HGUGM, probably because the patients were older in HSCSP. We did not find a cor-
relation between the Fried frailty index or handgrip strength and vitamin D levels at base-
line. The Fried frailty index, handgrip strength and vitamin D levels do not correlate with 
the liver function tests at baseline. 

Table 1. Clinical and analytical characteristics of all patients and patients separated according to the 
centre of enrolment. Data are expressed as numbers, percentages and median (IQR). p-values in 
bold indicate statistically significant differences. 

 All patients 
n = 27 

HGUGM 
n = 14 

HSCSP 
n = 13 

p-Value 

Age (yr) 62 (55–72) 58 (51.5–64.7) 67 (56.5–76.5) 0.02 
Gender (male; n, %) 22 (81.5%) 12 (85%) 10 (77%) 0.56 

BMI (kg/m2) 28.7 (24.7–30.1) 28.6 (26.2–29.6) 28.7 (24.5–30.8) 0.59 
Comorbidity (Charlson score) 6 (5–7) 6 (4.7–7.2) 6 (5–7) 0.72 

Treatments     
Antidepressants (n, %) 1 (3.7%) 0 (0.0%) 1 (7.7%) 0.29 
Benzodiazepines (n, %)  2 (7.4%) 0 (0%) 2 (15.4%) 0.12 

Opioids (n, %) 1 (3.7%) 0 (0%) 1 (7.7%) 0.20 
Diuretics (n, %) 19 (70.4%) 9 (64.3%) 10 (77%) 0.47 

Beta-blockers (n, %) 16 (59.2%) 7 (50%) 9 (69%) 0.31 
Non-absorbable disaccharides (n, %) 13 (48.1%) 6 (42.8%) 7 (53.8%) 0.70 

Rifaximin (n, %) 5 (18.5%) 4 (28.6%) 1 (7.7%) 0.32 
Characteristics of cirrhosis     

Figure 1. Flowchart of the study.

Table 1. Clinical and analytical characteristics of all patients and patients separated according to the
centre of enrolment. Data are expressed as numbers, percentages and median (IQR). p-values in bold
indicate statistically significant differences.

All Patients
n = 27

HGUGM
n = 14

HSCSP
n = 13 p-Value

Age (yr) 62 (55–72) 58 (51.5–64.7) 67 (56.5–76.5) 0.02

Gender (male; n, %) 22 (81.5%) 12 (85%) 10 (77%) 0.56

BMI (kg/m2) 28.7 (24.7–30.1) 28.6 (26.2–29.6) 28.7 (24.5–30.8) 0.59

Comorbidity (Charlson score) 6 (5–7) 6 (4.7–7.2) 6 (5–7) 0.72

Treatments

Antidepressants (n, %) 1 (3.7%) 0 (0.0%) 1 (7.7%) 0.29

Benzodiazepines (n, %) 2 (7.4%) 0 (0%) 2 (15.4%) 0.12

Opioids (n, %) 1 (3.7%) 0 (0%) 1 (7.7%) 0.20

Diuretics (n, %) 19 (70.4%) 9 (64.3%) 10 (77%) 0.47

Beta-blockers (n, %) 16 (59.2%) 7 (50%) 9 (69%) 0.31

Non-absorbable disaccharides
(n, %) 13 (48.1%) 6 (42.8%) 7 (53.8%) 0.70

Rifaximin (n, %) 5 (18.5%) 4 (28.6%) 1 (7.7%) 0.32
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Table 1. Cont.

All Patients
n = 27

HGUGM
n = 14

HSCSP
n = 13 p-Value

Characteristics of cirrhosis

Alcohol aetiology (n, %) 9 (33.3%) 4 (28.6%) 5 (38.5%) 0.90

Child–Pugh score 7 (6–8) 7 (6–8.2) 7 (6–7) 0.17

Child–Pugh A/B/C (n, %) 9 (33%)/16 (59%)/2
(8%)

4 (29%)/8 (57%)/2
(14%) 5 (38%)/8 (62%)/0 0.15

MELD score 11 (9–14) 13 (10.7–17.5) 9 (7–11) <0.001

Oesophageal varices (n, %) 21 (77.8%) 11 (78.6%) 10 (77%) 0.91

Hepatocellular carcinoma (n, %) 4 (14.8%) 3 (21.4%) 1 (7.7%) 0.31

Previous ascites (n, %) 24 (88.9%) 14 (100%) 10 (77%) 0.05

Previous variceal bleeding (n, %) 12 (44.4%) 7 (50%) 5 (38.5%) 0.54

Previous overt hepatic
encephalopathy (n, %) 9 (33.3%) 6 (42.9%) 3 (23%) 0.27

Previous infection last year
(n, %) 12 (44.4%) 9 (64%) 3 (23%) 0.054

Previous SBP (n, %) 7 (25.9%) 5 (36%) 2 (15.4%) 0.22

Parameters of frailty and body
composition

Fried frailty index 1 (1–3) 2 (1–3) 1 (0–3) 0.09

Handgrip strength (kg) 24.4 (19.1–0.5) 25.4 (22.6–30.8) 23.9 (16.6–27.2) 0.32

Previous falls/fractures (n, %)
(previous year) 11 (41%)/2 (7.4%) 5 (36%)/1 (7.1%) 6 (46%)/1 (7.7%) 0.70/1.00

FRAX risk of osteoporotic
fracture at 10 years (%) 3.7 (1.9–6.4) 1.9 (1.7–3.7) 5.4 (3.5–8.4) 0.004

FRAX risk of hip fracture at
10 years (%) 1.3 (0.3–2.3) 0.4 (0.2–1.6) 2 (0.6–3.1) 0.03

Right arm circumference (cm) 30 (25.7–32.4) 30.2 (25.8–32.2) 30 (24.5–33.5) 0.89

Right arm skinfold (mm) 1.4 (1.0–1.9) 1.1 (0.8–1.6) 1.6 (1.2–3.0) 0.02

Tinetti total score 27 (26–28) 27 (26.5–27.5) 28 (25.5–28) 0.45

Braden score 22 (22–23) 22 (21.7–23) 22 (22–23) 0.98

HADS anxiety score 5 (1–7) 5.5 (2.7–9) 2 (2–6.5) 0.10

HADS depression score 5 (2–8) 7 (4.7–9.2) 2 (0.5–5) 0.001

Analytical parameters

INR 1.26 (1.18–1.45) 1.38 (1.21–1.58) 1.25 (1.12–1.27) 0.006

Bilirubin (mg/dL) 1.54 (1.27–2.40) 2 (1.07–3.4) 1.44 (1.33–1.55) 0.08

Albumin (g/L) 33.1 (30.2–39) 35.5 (28.7–40.5) 32 (31.5–35.4) 0.37

Sodium (mmol/L) 138 (136–140) 138 (135–141) 138 (136–139) 0.54

Creatinine (mg/dL) 0.81 (0.72–1.00) 0.87 (0.72–1.15) 0.78 (9.72–0.88) 0.20

25OH Vitamin D (ng/mL) 12.7 (8.8–21) 16.2 (12.4–24.9) 8.9 (5.5–12.2) 0.046
BMI—body mass index; MELD—Model for End-stage Liver Disease; FRAX—Fracture Risk Assessment Tool;
HADS—Hospital Anxiety and Depression Scale.



Med. Sci. 2025, 13, 30 7 of 18

During follow-up, 5 of the 39 patients (12.8%) died, 11 (28.2%) required a total of
15 readmissions for decompensation of cirrhosis, 4 (10.2%) were transplanted and 8 (20.5%)
dropped out. The causes of readmission were hepatic encephalopathy in 6 episodes, ascites
in 5, hepatic encephalopathy and ascites in 3 and ascites and hepatorenal syndrome in one.
One patient developed a de novo hepatocellular carcinoma. Seven patients (25.9%) pre-
sented falls during follow-up and two had fractures. The number of falls per patient/month
during the previous year was 0.098 ± 0.047, and during the prospective follow-up, it was
0.043 ± 0.014, p = 0.56. Supplementary Table S2 shows supplementation of micronutrients
other than vitamin D. Vitamin A was the most frequently supplemented (44.4% of patients
at baseline, 59.3% at 6 months and 72.7% at 12 months), followed by iron and folic acid
(22.2% and 14.8% at 6 months, respectively).

3.1. Frailty

Table 2 and Figure 2 show the changes in the parameters of frailty during the study.
We observed an improvement in the Fried frailty index at 6-month visits, especially in men
and frail patients. The nutrition domain of the Braden scale increased, reaching statistical
significance at 12 months.

Table 2. Evolution of the degree of frailty assessed by the Fried frailty index, handgrip strength,
FRAX, Tinetti score, Braden scale, mood (HADS) and HRQoL (SF-36 and CLDQ) during the study.
Data are expressed as number of patients and percentages or median (IQR). Numbers in bold indicate
statistically significant differences.

Baseline
n = 27

6 Months
n = 27

12 Months
n = 22

Robust/prefrail/frail
(n, %)

6 (22%)/12 (44%)/9 (33%) 14 (52%)/10 (37%)/3 (11%) 1 6 (27%)/10 (45%)/5 (23%) *

Handgrip strength (kg) 24.4 (19.1–30.4) 28.4 (20.6–33.8) 2 28.3 (23–33) 3

FRAX risk of osteoporotic
fracture at 10 years (%)

3.7 (1.9–6.4) - 3.3 (1.8–6.6)

FRAX risk of hip fracture
at 10 years (%)

1.3 (0.3–2.3) - 1.0 (0.2–2.6)

Tinetti total score 27 (26–28) 28 (26.5–28) 27.5 (22–28)

Braden scale total 22 (22–23) 22 (22–23) 23 (21–23)

- Braden scale nutrition 3 (3–4) 4 (3–4) 4 (4–4) 4

HADS anxiety
- all patients (n = 27) 5 (1–7) 3 (1–6) 3 (1–7)
- frail patients (n = 9) 7 (3.5–11) 3 (1–5.5) 5 7 (3–9)

HADS depression 5 (2–8) 3 (0–6) 3 (0.7–5)

SF-36 physical component 42.1 (34.5–47.5) 40.5 (32.1–52.9) 46.1 (35.8–55.7)

SF-36 mental component
- all patients 50.1 (41.5–54.7) 50.2 (43.5–56.3) 53.3 (46.1–58.7)

- frail and prefrail patients
(n = 21)

45.3 (35.53.6) 48.7 (40.6–53.2) 6 51 (39–58.3)

CLDQ 5.03 (4.31–5.86) 4.93 (4.17–6.15) 5.24 (4.20–6.01)
FRAX—Fracture Risk Assessment Tool; HADS—Hospital Anxiety and Depression Scale; SF-36—Short Form
Health Survey 36; CLDQ—Chronic Liver Disease Questionnaire. * Fried Frailty Index not available in one patient.
1 p = 0.04, 2 p = 0.001, 3 p = 0.002; 4 p = 0.02, 5 p = 0.01; 6 p = 0.02 with respect to baseline. p NS in the remaining
comparisons.
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3.2. Handgrip Muscular Strength

Table 2 and Figure 3 show the handgrip strength measures during the study. It
improved significantly at 6 and 12 months, similarly in men and women, and especially in
prefrail and frail patients and patients with sarcopenia.
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3.3. Mood and HRQoL

Regarding mood and HRQoL, we observed an improvement in HADS anxiety, reach-
ing statistical significance in frail patients at 6 months and in the mental component of the
SF-36 questionnaire in frail and prefrail patients at 6 months.

3.4. Analytical Parameters

Regarding analytical parameters (Table 3), the main changes were an increase in
haemoglobin, prealbumin, HDL cholesterol, vitamin D, vitamin A and folate, and a decrease
in platelet count and parathyroid hormone. We did not observe significant changes in the
liver function tests during the study. INR was the only liver function test whose change
correlated with the change in the Fried frailty index or the change in the handgrip strength
(r = 0.48, p = 0.03, and r = −0.50, p = 0.04, respectively, at 12 months). The change in vitamin
D levels did not correlate with the change in any liver function test.

Table 3. Evolution of the analytical parameters during the study. Data are expressed as numbers,
percentages or median (IQR). Numbers in bold indicate statistically significant differences.

Baseline
n = 27

6 Months
n = 27

12 Months
n = 22

Haemoglobin (g/dL) 12.1 (9.9–13) 13.3 (10.4–14.6) 1 13.4 (10.8–14)

Platelets (1 × 109/L) 85 (68–96) 83 (59–106) 72 (60.5–85) 2

Creatinine (mg/dL) 0.81 (0.72–1.00) 0.90 (0.75–1.12) 0.81 (0.73–1.05)

Sodium (mmol/L) 138 (136–140) 138 (136–141) 137 (135–140)

AST (U/L) 37 (29–48) 38 (31–55) 40 (31–64.5)

ALT (U/L) 25 (18–33) 33 (20–43) 28 (21–50.5)

ALP (U/L) 93 (50–195) 105 (49–251) 111 (66–199)

GGT (U/L) 134 (121–172) 140 (112–195) 130 (106–173)

INR 1.26 (1.18–1.45) 1.30 (1.14–1.42) 1.30 (1.20–1.48)

Bilirubin (mg/dL) 1.54 (1.27–2.40) 1.57 (1.00–2.40) 1.69 (1.11–2.81)

Albumin (g/L) 33.1 (30.2–39) 35.9 (30.3–40) 37.9 (31.9–39.1)

Child–Pugh score 7 (6–8) 7 (6–7) 7 (5–7.5)

Child–Pugh class A/B/C
(%) 9 (33%)/16 (59%)/2 (8%) 13 (48%)/11 (41%)/3 (11%) 10 (45%)/9 (41%)/3 (14%)

MELD score 11 (9–14) 11 (9–14) 12 (10–15)

Prealbumin (mg/dL) 8.0 (6.0–11.0) 10.0 (8.0–13.2) 3 11.0 (9.0–14.0) 3

Triglycerides (mg/dL) 83.2 (61.1–114) 85 (69.8–123.2) 75.7 (66.5–178)

Cholesterol (mg/dL) 132 (92.5–153) 164.5 (119.5–182.8) 4 154.3 (123.6–175.2) 3

LDL cholesterol (mg/dL) 68 (44–98) 86.2 (61.2–110.2) 82.7 (66.9–98)

HDL cholesterol (mg/dL) 36.4 (24.4–45) 47.4 (36.6–56.2) 5 48 (32–61.5) 6

Magnesium (mg/dL) 1.8 (1.6–1.9) 1.8 (1.7–1.9) 1.8 (1.6–1.9)

Zinc (µg/L) 53.0 (45.8–66.0) 66.4 (53.0–75.1) 4 61.6 (44.6–68.6)

Copper (µg/L) 86 (78–100) 82 (66–102) 85 (69–98)
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Table 3. Cont.

Baseline
n = 27

6 Months
n = 27

12 Months
n = 22

Ferritin (µg/L) 127 (38–272) 89 (29–313) 83 (44–177)

Calcium (mg/dL) 8.9 (8.6–9.6) 8.9 (8.7–9.4) 9.2 (8.9–9.5)

Phosphate (mg/dL) 3.4 (2.7–3.5) 3.4 (3.0–3.7) 3.2 (2.5–3.6)

25OH Vitamin D (ng/mL) 12.7 (8.8–21) 37.2 (18.6–55.4) 5 44.5 (28.3–59.1) 5

Vitamin D:

Sufficient 0 (0%) 17 (63%) 15 (68%)

Insufficient 8 (30%) 4 (15%) 5 (23%)

Deficient (n, %) 19 (70%) 6 (22%) 5 2 (9%) 5

Parathyroid hormone
(ng/L) 32.5 (28.3–53.0) 28.8 (17.0–51.8) 25.1 (21.1–34.8) 7

Vitamin A (µg/dL) 14 (10–22) 24 (17–29) 8 23 (18–33) 9

Vitamin E (µg/dL) 1102 (836–1387) 1148 (951–1319) 1038 (858–1537)

Vitamin B12 (ng/L) 677 (450–883) 634 (419–1221) 412 (337–721)

Folate (µg/L) 9.2 (6.6–16.1) 12.7 (8.2–21.9) 10 15.2 (10.0–19.1) 3

MELD—Model for End-stage Liver Disease. 1 p = 0.03; 2 p = 0.01; 3 p = 0.01; 4 p = 0.04; 5 p < 0.001; 6 p = 0.005,
7 p = 0.03; 8 p = 0.009; 9 p = 0.007; 10 p = 0.02 with respect to baseline.

3.5. Body Composition

Table 4 shows the changes in body composition. Patients presented an increase in
body mass index, right arm skinfold, lean right arm and body fat. Men with lower vitamin
D levels at baseline showed a lower baseline right arm lean mass (Jonckheere-Terpstra
p = 0.048) and a trend to a greater improvement in right arm lean mass at 12 months
(Jonckheere-Terpstra p = 0.056). The increase in body mass index correlated with both the
increase in total body fat (r = 0.537, p = 0.018) and the increase in total lean mass (r = 0.678,
p = 0.002).

To appraise the potential contribution of spontaneous recovery after hospitalisation
in the improvement of frailty and handgrip strength, we compared the change in these
parameters between patients who required rehospitalisation during the 12 months of follow-
up (n = 9) and those who did not (n = 13). We did not find significant differences between
these two subgroups. The change in the Fried frailty index at 6 months was −0.60 ± 0.40
vs. −1.06 ± 0.31, and at 12 months, it was −0.12 ± 0.66 vs. −0.07 ± 0.46; the change in
handgrip strength at 6 months was 2.96 ± 0.90 vs. 1.72 ± 0.77 kg, and at 12 months it was
3.37 ± 0.99 vs. 1.79 ± 0.81 kg, respectively. Trying to evaluate the potential contribution
of supplements other than vitamin D, we compared the change in frailty and handgrip
strength between patients receiving only vitamin D (n = 7) and those also receiving other
supplements (n = 20) during the first 6 months. The change in Fried frailty index was
−1.33 ± 0.42 vs. −0.75 ± 1.29, and the change in handgrip strength was 2.8 ± 1.47 vs.
2.1 ± 0.65, respectively (p not significant).
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Table 4. Changes in body composition during the study. Data are expressed as median (IQR).
Numbers in bold indicate statistically significant differences.

Baseline
n = 27

6 Months
n = 27

12 Months
n = 22

Anthropometry

BMI (kg/m2) 28.7 (24.7–30.1) 29.9 (25.5–30.1) 29.8 (26.2–31.2) 1

Right arm circumference (cm) 30 (25.7–32.4) 30.1 (28–33) 29 (26.5–32.5)

Right arm skinfold (mm) 1.43 (1.04–1.92) 1.69 (1.11–2.50) 2 1.73 (1.25–2.97)

Mid-arm muscle circumference (cm) 24.8 (20.9–28.1) 25.0 (22.3–26.5) 23.9 (21.1–25.4)

DXA (n = 22)

Pelvis (g/cm2) median (IQR) 0.940 (0.877–1.074) - 0.950 (0.847–1.098)

Spine (g/cm2) 0.937 (0.785–1.146) - 0.968 (0.792–1.118)

Total bone (g/cm2) 1.077 (0.991–1.149) - 1.067 (0.987–1.136)

Fat right arm (g) 974 (814–1386) - 1173 (932–1805) 3

Fat right leg (g) 3168 (2421–3855) - 3487 (2890–4691) 4

Fat trunk (g) 10,463 (7578–15,358) - 12,858 (9232–16,409) 5

Android fat (g) 1613 (1239–2460) - 2073 (1482–2929) 6

Total fat (g) 19,022 (16,763–27,243) - 25,889 (17,210–27,928) 4

Fat (%) 26.2 (21.4–32.2) - 31.4 (25.5–36.2) 7

Lean right arm (g) 2354 (2003–2884) - 2725 (2081–2988) 1

Lean right leg (g) 7803 (6923–9058) - 7815 (7077–8750)

Lean total (g) 52,774 (43,652–60,660) - 54,181 (47,212–57,775)

Lean arms/height2 (g/m2) 1621 (1421–1832) - 1805 (1437–1946) 8

BMI—body mass index; DXA—dual-energy X-ray absorptiometry. 1 p = 0.03; 2 p = 0.003; 3 p = 0.002; 4 p = 0.003;
5 p = 0.008; 6 p = 0.01; 7 p = 0.005; 8 p = 0.07 vs. baseline.

No significant correlations were observed between the change in vitamin D levels
and the change in frailty and handgrip strength at 6 months (r = −0.06, p = 0.76; and
r = −0.07, p = 0.75, respectively) or at 12 months (r = −0.10, p = 0.65; and r = −0.19, p = 0.45,
respectively).

At 6 months, the Fried frailty index was 0 (0–1), and handgrip strength was 24
(20.3–30.8) kg in patients who showed sufficient vitamin D (>30 mg/mL) at this time
point, and 1 (0–3) and 28.5 (22.7–36.1) kg, respectively, in non-sufficient patients (insuffi-
cient and deficient) (vitamin D ≤ 30 ng/mL). At 12 months, the Fried frailty index was 1
(0–2), and handgrip strength was 28.3 (21.2–33.1) kg in patients who were considered suffi-
cient at this time point, and 2 (1–3) and 28.4 (24.1–32.2) kg, respectively, in non-sufficient
patients. These differences did not reach statistical significance.

Because of the influence of sunlight exposure on serum vitamin D levels, we compared
vitamin D levels at baseline between patients enrolled in spring or summer and patients
enrolled in autumn or winter, and we observed a non-significant trend to higher levels in
patients enrolled in spring or summer [17.2 (12.7–27.2) vs. 11.2 (8.2–14.6) ng/mL]. There
were no statistically significant differences between these two groups regarding the changes
in vitamin D, Fried frailty index or handgrip strength at 6 and 12 months with respect to
baseline values (Supplementary Table S3).
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4. Discussion
The main finding in this study was the improvement in frailty and handgrip strength

following a multifactorial nutritional intervention that especially included vitamin D
supplementation in decompensated patients with cirrhosis and vitamin D deficiency or
insufficiency. To our knowledge, this is the first study to show an improvement in frailty
after vitamin D supplementation in patients with cirrhosis.

Frailty is a multidimensional status that has been recognized as a relevant prognostic
factor in several chronic diseases [15,18,20], including cirrhosis [1–3], independently of
the degree of liver insufficiency. It has therefore been identified as a therapeutic target.
Several strategies have been proposed to ameliorate frailty in these patients [1], such
as exercise [24–29], nutritional interventions [4,28], branched-chain amino acid supple-
ments [30,31], testosterone supplementation in men [32] and probiotics [33], alone or in
combination [27–29,34]. Another measure that may potentially improve frailty in pa-
tients with cirrhosis is vitamin D supplementation because vitamin deficiencies, especially
vitamin D, are frequent in patients with cirrhosis and have been related to frailty and
sarcopenia [3,4,35].

In the present study, patients with cirrhosis and discharged after a hospitalization
presented a severe deficiency in vitamin D at baseline, and most of them (78%) were frail
or prefrail. After 6 months of vitamin D supplementation, we observed an improvement
in frailty as assessed by the Fried frailty index. This index covers several domains related
to frailty (unintentional weight loss, muscular strength, walking speed, exhaustion and
physical activity) [15] and has been previously used in patients with cirrhosis [3]. Regarding
the additional tools that we used to evaluate frailty, we observed a non-significant trend to
improvement in the FRAX score that estimates the risk of fracture [17], in the Tinetti scale
that evaluates balance, gait and risk of falls [18], and in the Braden scale that assesses the
risk of pressure ulcers [16], with a statistically significant improvement in the nutritional
domain of the Braden scale at 12 months. Although it could have been expected, to our
knowledge, this is the first study to report an improvement in frailty after vitamin D
supplementation in patients with cirrhosis. Interestingly, when analysing patients classified
by sex and the degree of frailty, this improvement was statistically significant in men and in
frail patients but not in women or in robust and prefrail patients. We do not know if these
differences between women and men were due to the low number of women included in
the study—most of the women who were considered for the study were excluded because
they were already on vitamin D—or because the effect of vitamin D supplementation
differs between sexes. Several studies have reported that the effects of vitamin D differ in
men and women, specifically concerning frailty and sarcopenia, as recently reviewed [36].
To explain these differences, among other factors, women would be more vulnerable to
vitamin D deficiency due to the increase in the expression of metabolising genes such as
Vdr, Cyp2r1 and Cyp27b1 induced by oestrogens and because of their higher percentage
of adipose tissue storing vitamin D. In line with our results, the relationship between
vitamin D deficiency and muscle mass and strength seems to be stronger for men than for
women [36].

Sarcopenia and decreased muscular function are considered a main feature of the
frailty syndrome in patients with cirrhosis [1,3]. In this study, we observed a clear im-
provement in handgrip strength as an index of muscle function, both at 6 and 12 months
and this was observed in both women and men. The increase in handgrip strength was
more marked and statistically significant in frail and prefrail patients and in those with
sarcopenia. Again, these subgroups of patients were those with more severely impaired
muscle function, and therefore, they had a higher potential to improve. Regarding muscle
mass evaluated by DXA, we observed an increase that reached statistical significance in the
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right arm. Interestingly, the group of patients with the lowest levels of vitamin D had the
lowest right arm muscle mass at baseline and the greatest improvement in this parameter
at 12 months. Our results are in line with the findings of Okubo et al. [11]. In a randomized
clinical trial, they observed an improvement in muscle function and skeletal muscle mass
index, evaluated by handgrip strength and DXA, respectively, after 12 months of vitamin D
supplementation in patients with decompensated cirrhosis.

Our study was not designed to explore the mechanisms implicated in the improvement
in muscle mass and function with vitamin D supplementation, but it has been reported that
vitamin D regulates blood calcium levels and intracellular phosphate absorption (essential
for muscle contractility), stimulates the expression of protein 1, which triggers the activation
of myogenic determination factor 1 (MyoD1) leading to subsequent inhibition of myostatin,
and enhances myoblast self-renewal and muscle protein synthesis [6].

In the study by Okubo et al., the body mass index and the percentage of body fat did
not change after vitamin D supplementation, but it should be noted that the patients’ me-
dian body mass index at baseline was 22 kg/m2 [11]. In our study, most participants were
overweight at baseline, and their body weight and fat body mass increased at 12 months.
The relationship between vitamin D supplementation and body weight and fat remains
controversial [37,38]. Some studies have shown vitamin D favours weight loss in obese
people, while other studies have observed no effect [37,38]. An increase in body fat after
vitamin D supplementation has also been reported [39]. Regarding the possible mecha-
nisms to explain an increase in weight and body fat, it has been observed that vitamin
D can enhance adipocyte differentiation and lipid accumulation [39]. Moreover, vitamin
D deficiency has been associated with a decrease in appetite and weight loss in older
adults [40]. In our study, the increase in the nutrition domain of the Braden scale could
reflect an amelioration of appetite after vitamin D supplementation, and this could have
contributed to the increase in weight, fat and lean mass. However, these increases cannot
be attributed to vitamin D supplementation alone because the recovery itself after the
baseline hospitalization probably played a relevant role. Independently of the mechanisms
involved, these findings emphasize that together with the unavoidable supplementation of
vitamin deficits in patients with cirrhosis, nutrition and exercise counselling are crucial to
avoid an undesirable gain in fat body mass.

We were surprised by the lack of correlation between vitamin D levels and frailty and
muscle function at baseline, as well as between changes in vitamin D and the changes in
these parameters during follow-up. These results suggest that the relationship between
vitamin D and frailty and muscle function is not lineal, as previously reported [41], and
that it is vitamin D supplementation per se and not the precise levels reached that impact
these parameters. Other potential explanations for these findings are the multifactorial
nature of frailty and sarcopenia in cirrhosis, and the fact that patients also received other
micronutrients in addition to vitamin D. The lack of correlation between the liver function
tests and the Fried frailty index, handgrip strength and vitamin D levels emphasizes that
frailty in patients with cirrhosis is not only related to the degree of liver insufficiency [1–3].

Also of note is the non-significant trend toward a lower number of falls per pa-
tient/month during follow-up compared to the previous year. As falls are a relevant
clinical outcome related to frailty in patients with cirrhosis [3,19], their decrease during
vitamin D supplementation could be a consequence of the improvement in frailty and
muscle function. In effect, in the elderly, vitamin D deficiency has been associated with falls,
and the risk of falling has been shown to decrease after vitamin D supplementation [6].

Regarding mood and HRQoL, the effects we observed were modest, but there was
an improvement in HADS anxiety in frail patients and in the mental component of SF-36
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in frail and prefrail patients. The relationship between impaired mood and vitamin D
deficiency has been previously described [42].

The main changes in the analytical parameters were an increase in haemoglobin,
prealbumin, HDL cholesterol, vitamin D, vitamin A and folate, probably reflecting a better
nutritional status and vitamin supplementation. Among other beneficial metabolic effects,
the increase in HDL cholesterol after vitamin D supplementation has been previously
reported [43]. The decrease in platelet count at 12 months could be related to the progression
of portal hypertension, which was not measured in the present study. Finally, a decrease in
the parathyroid hormone could be expected with the increase in serum vitamin D levels [5].

Our study has several limitations. First, the small sample size and the low number of
women included in the study did not allow a reliable analysis according to sex. However,
patients were followed up for a relatively long period of time and evaluated using a com-
prehensive battery of clinical and analytical parameters. Second, this was not a randomized
trial. The beneficial effects, mainly on frailty and muscle function, could therefore be due
to causes other than vitamin D supplementation, such as spontaneous recovery after being
discharged, but we could not include a control or placebo group in our patients with such
a severe deficiency of vitamin D. Nevertheless, both those patients who required further
hospitalisations during follow-up and those who did not presented a similar improvement
in frailty and handgrip strength, suggesting vitamin D supplementation had a more rel-
evant role in this improvement than recovery after hospital discharge. Another issue to
consider is that the nutritional intervention did not consist of vitamin D supplementation
alone because other micronutrients also related to frailty [44] were supplemented when
indicated. However, patients receiving vitamin D only had a non-significant trend for an
even greater improvement in frailty and handgrip strength than those also receiving other
supplements. This finding would strengthen the role of vitamin D supplementation in the
beneficial effects observed in both these parameters.

5. Conclusions
A multifactorial nutritional intervention, especially including vitamin D supplementa-

tion, was associated with an improvement in frailty, handgrip strength and lean mass in
decompensated patients with cirrhosis and vitamin D deficiency or insufficiency. The con-
comitant increase in fat body mass outlines the need for a holistic assessment, with a special
emphasis on nutritional and exercise counselling, in addition to vitamin supplementation
in patients with cirrhosis.
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different from vitamin D during the study; Supplementary Table S3: Changes in vitamin D levels,
Fried Frailty Index and handgrip strength at 6 and 12 months with respect to baseline in patients
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