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ABSTRACT

Background & Aims: Refeeding hypophosphataemia (RH) is associated with poor clinical outcomes and
mortality rates. However, the presence of RH in patients with cirrhosis remains unknown. This study aimed
to determine the relationship among the frequency of RH, nutritional status, and disease severity in patients
with liver cirrhosis.

Methods: This prospective study was conducted at a single-centre gastroenterology clinic. Malnutrition
was identified using the Subjective Global Assessment (SGA). Disease severity was defined using the Child-
Turcotte-Pugh (CTP) and the Model for End-Stage Liver Disease (MELD) scores. Hypophosphatemia was
defined as a serum phosphate level of <2.0 mg/dL.

Results: Twelve of 50 cirrhotic patients (24%) had RH during hospitalization. The most common RH was
determined in four patients on day four during the study follow-up. The sharpest decline in serum phosphate
levels was observed on day four (median: 2.3 mg/dL). The CTP score and MELD scores did not differ
significantly between RH and non- RH groups ((p=0.478 and p=0.643), respectively. The rate of malnutrition
according to the SGA was 56.0%. A total of 82%, 4%, 8%, and 4% of participants received regular diet and
oral nutritional supplements, only enteral tube feeding, only parenteral nutrition, and combined enteral and
parenteral nutrition, respectively. In the RH group, 32% of participants received only parenteral nutrition
and had a higher prevalence of RH than that of patients receiving only oral or enteral tube feeding (p=0.001).
The CTP score strongly and negatively correlated with serum phosphorus levels on days two (p=0.016), three
(p=0.050), and seven (p=0.017) in the RH group.

Conclusions: This study showed that artificial feeding (enteral or parenteral nutrition) carries a significant
risk in terms of RH. Malnourished patients with liver cirrhosis who received parenteral nutrition were closely
monitored for a high risk of RH. The CTP score strongly and negatively correlated with serum phosphorus
levels.

Key words: cirrhosis — nutrition — hypophosphatemia - refeeding - refeeding hypophosphatemia.

Abbreviations: CTP: Child-Turcotte-Pugh; EN: enteral nutrition; MELD: Model for End-Stage Liver Disease;
PN: parenteral nutrition; RFS: recurrence-free survival; RH: refeeding hypophosphatemia; SGA: Subjective
Global Assessment.

INTRODUCTION patients and can range from mild malnutrition to lean body
(2, 3].

Refeeding syndrome is defined as severe fluid and
electrolyte shifts in malnourished patients during oral,
enteral, or parenteral refeeding [4]. The modern definition of
refeeding syndrome is life-threatening, with severely low serum
electrolyte concentrations, fluid and electrolyte imbalance, and
disturbance of organ function resulting from over-rapid or
unbalanced nutrition support [5]. Hypophosphatemia is the
most prominent biochemical disorder in refeeding syndrome
and is defined as refeeding hypophosphatemia (RH) [6].

The liver plays an essential
physiological role in nutrient
digestion and metabolism. In
patients with liver cirrhosis, liver
function is impaired and protein-
calorie malnutrition is observed
[1]. Malnutrition is a common
condition in approximately 45—
90% of hospitalised cirrhotic
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Patients with liver cirrhosis and high-risk malnutrition
may be at risk of RH. It is a life-threatening constellation of
cardiovascular, pulmonary, hepatic, renal, neuromuscular,
metabolic, and haematological abnormalities that occur
following appropriate alimentary resuscitation in severely
malnourished or starved individuals [7]. The risk of developing
refeeding syndrome may increase among malnourished
patients with malnutrition [8]. Refeeding hypophosphatemia
may be overlooked when refeeding liver cirrhosis patients are
admitted to a gastroenterology clinic. This metabolic imbalance
can result in poor clinical outcomes. Guidelines for preventing
and treating refeeding syndrome advise identifying at-risk
individuals, controlling hypocaloric nutritional treatment, and
replacement of electrolytes [5].

This study aimed to determine the frequency of RH,
the relationship between RH and nutritional status, and the
clinical characteristics of patients with liver cirrhosis in a
gastroenterology clinic.

METHODS

This prospective study was conducted at the Gastroenterology
Clinic of our University Hospital and approved by the local
Ethics Committee (2019/95). Patient inclusion criteria were as
follows: a) patients with liver cirrhosis; b) age >18 years; and c)
expected length of hospital stay of at least 48 hours. Pregnant
women and those with chronic renal failure (glomerular
filtration rate of <60 mL/min) were excluded.

All the patients were followed-up for the first 14 days after
hospital admission. Baseline characteristics, including patient
age, gender, body mass index, and reason for admission, were
recorded. The severity of liver disease was defined using the
Child-Turcotte-Pugh (CTP) score based on clinical (ascites
and encephalopathy) and laboratory (albumin, bilirubin, and
international normalised ratio) parameters and the Model for
End-Stage Liver Disease (MELD) score [9, 10]. Malnutrition
was determined by the Subjective Global Assessment (SGA),
according to self-reported study participants by a clinical
dietitian [11, 12]. The daily calorie intake of the patients
and type of nutrition (regular diet and/or oral nutritional
supplement, enteral nutrition (EN) via a feeding tube, and
parenteral nutrition [PN]) were recorded during follow-up.
We considered the type of nutrition as the most common
nutritional support given for each participant during the study
period. A clinical dietitian collected the dietary records of
patients who were orally fed each day. We described artificial
nutrition as enteral or parenteral feeding.

Data were analysed using Nutrition Information System
(BeBis) software (EBISpro for Windows, Stuttgart, Germany).
The Harris-Benedict equation calculates the daily calorie target
of patients using ideal body weight, according to the European
Society for Clinical Nutrition and Metabolism guidelines on
clinical nutrition for liver disease [13].

Serum phosphate, magnesium, potassium, and albumin
concentrations were recorded during the first 14 days of
hospitalisation. Refeeding hypophosphatemia was defined as
a decrease in serum phosphate to <2.0 mg/dL (0.65 mmol/L)
[6, 14]. Hypopotassemia was defined as a serum potassium
level of <3.5 mmol/L, and hypomagnesaemia was defined
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as a serum magnesium of <0.70 mmol/L [15]. Phosphorus
replacement (2.5 mg/kg) was routinely administered to patients
who developed hypophosphatemia until their phosphorus
levels reached the normal range.

Statistical Analysis

Data were analysed using SPSS 22.0. Continuous variables
were expressed as median (25-75 quartile). Categorical
variables are reported as frequencies or percentages. Differences
between the two groups were assessed using the Mann Whitney
U-test for continuous variable, according to normal distribution
and y* test for categorical variables. The Spearman’s correlation
coefhicient was calculated to investigate the correlations between
serum phosphorus levels and both CTP and MELD scores in
the first seven study days in patients with and without RH.
Statistical significance was set at p<0.05 for all tests.

RESULTS

Fifty patients with liver cirrhosis were recruited for this
study. The median age of the patients was 64 years (range,
55-70 years), and 54% of them were males. The most
common reason for hospital admission was investigation of
the aetiology of cirrhosis (50%), followed by variceal bleeding
(18%), ascites (10%), and supportive treatment (8%). The
most frequent aetiology of liver cirrhosis was cryptogenic
liver disease (46%); other etiologic factors are summarised
in Table I. Loop diuretics were used in 14 of the 50 patients.
Five patients received tenofovir therapy and three patients
received entecavir therapy. In the cohort, the median initial
CTP score was 6.0 (4.0-7.3), and the median initial MELD
score was 10.5 (9.0-14.0). The median length of hospital stay
was 15 days (range: 14-20 days). At baseline, median serum
levels of (interquartile range) potassium was 4.27 (3.97-4.56)
mmol/L and magnesium was 0.78 (0.73-0.85) mmol/L in the
patients. Hypopotassaemia was present in only two of the
patients (Table I).

Table I. Patient demographic and clinical data

Total (n=50)

Age (years) 64.0 (55.5-70.0)
Gender, n (%)
Male 27 (54)
Female 23 (46)
BMI (kg/m?) 29.3 (25.6-32.8)
Reason for admission, n (%)
Etiology examination 25 (50)
Bleeding 9 (18)
Ascites 5(10)
Hepatocellular carcinoma 4(8)
Support treatment 4(8)
Hepatic encephalopathy 3(6)
Etiology of liver cirrhosis, n (%)
Cryptogenic liver cirrhosis 23 (46)
Hepatitis B 8 (16)
Steatohepatitis 7 (14)
Hepatitis C 6 (12)
Primary biliary cholangitis 2(4)
Primary sclerosing cholangitis 1(2)

1(2)
1(2)

Portal vein thrombosis
Alcoholic cirrhosis
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Table I (continued) Table II. Demographic and clinical data of RH and Non-RH Group
Use of drugs, n (%) RH Non-RH P

Tenofovir 5(10) (n=12) (n=38)
EntecaYir . 3(6) Age (years) 66.5 64.0 0.312
Loop diuretics 14 (28) (59.0-73.0)  (54.5-69.5)
CTP score 6.0 (4.0-7.3) Gender, n (%) 0.380
CTP classification Male 6 (50) 21 (55)
A 32 (64) Female 6 (50) 17 (45)
B 14 (28) BMI (kg/m?) 26.1 293 0.612
C 4(®) (234-31.2)  (2.63-33.0)
MELD score 10.5(9.0-14.0) Reason for admission, n (%) 0.467
MELD score Etiology examination 7 (58.3) 18 (47.4)
1-10 point 20 Bleeding 2(16.8) 7(18.4)
10-19 point 30 Ascites 0 5(13.2)
: Hepatocellular carcinoma 1(8.3) 3(7.9)
Length of hospital stay (day) (IQR) 15.0 (14.0-20.0) Support treatment 1(8.3) 3(7.9)
SGA, n (%) Hepatic encephalopathy 1(8.3) 2 (16.7)
A W‘?H nourished . 22 (44) Etiology of liver cirrhosis, n (%) 0.441
B, mild/moderately un‘dernourlshed 19 (38) Cryptogenic liver cirrhosis 5(41.7) 18 (47.4)
C, severely undernourished 9 (18) Hepatitis B 2(16.7) 6(15.8)
Route of nutrition, n (%) Steatohepatitis 2(16.7) 5(13.2)
None 1(2) Hepatitis C 1(8.3) 5(13.2)
Regular diet+oral nutritional supplement 41 (82) Primary biliary cholangitis 0 2(5.3)
Enteral tube feeding 2 (20) Primary sclerosing cholangitis 1(8.3) 0
PN 4(8) Portal vein thrombosis 0 1(2.6)
Enteral tube feeding +PN 2(4) Alcoholic cirrhosis 1(8.3) 0
Daily energy target, kcal/day 1622.9 (1508.7- Use of drugs, n (%) 0.062
1772.9) Tenofovir 2(16.7) 3(7.9)
. R . Entecavir 0 3(7.9)
Baseline daily calorie intake, kcal/day 1400.0 (975.0-1625.0) Loop diuretics 7(58.3) 7 (18.4)
Baseline daily calorie intake, kcal/kg/day 18.8 (11.4-22.3) CTP score 65 6.0 0.478
Adequacy of nutritional target, % 89.2 (52.4-104.9) (5.0-7.0) (4.0-8.0)
BMI: body mass index; CTP: Child Turcotte Pugh; MELD: Model for End- CTP classification 0.567
Stage Liver Disease. *All data are presented as median (IQR). A 6 (50) 26 (68)
B 4(34) 10 (26)
C 2 (16) 2(6)
Twelve of the 50 patients (24%) had RH during the first  y\prDp score 11.0 10.0 0.643

14 days. These patients were then assigned to the RH group. (9.0-14.0)  (9.0-13.3)

Refeeding hypophosphatemia was more frequent on days 4  MELD score 0.892

and 10 of follow-up (Fig. 1). As shown in Table II, there was 1-10 point 5(41.7) 15 (39.5)

no significant difference between the age and sex of patients 10-19 point 7(583)  23(60.5)

with and without RH (p=0.312 and p=0.380), respectively. Length of hospital stay (day) 16.0 14.0 0.123

(IQR) (14.0-21.0)  (14.0-15.0)

Patients with CTP B (34%) and C (16%) scores were higher
in the RH group than in the non-RH group, although there
was no statistically significant (p=0.567) as shown in Fig. 2.

There was no statistically significant difference between the
RH and non-RH groups in terms of nutritional status, according
to the SGA score (p=0.905). However, the ratio of SGA-B and
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Fig. 1. Proportion of patients with RH.

For abbreviations see Table I. *All data are presented as median (IQR).
p-value shows the difference between RH group and non-RH group.

SGA-C was higher in the RH group compared to that in the
non-RH group (42% vs. 37% and 42% vs. 10%) (Table III).
According to the SGA criteria, 38% of the patients were
mildly/moderately malnourished and 18% were severely
malnourished. Eighty-two percent of all the patients received
regular diet plus oral nutritional supplements, and 8% (four
patients) received PN. Additionally, patients receiving PN (four
patients, 8%) experienced significantly more RH incidence
than other groups did (p<0.05). The median adequacy of the
daily energy requirements in the non-RH group was similar to
the RH group (91.4% vs. 89.2%, p=0.889). The targeted daily
energy intake was achieved in both groups. Patients receiving
regular diet plus oral nutritional supplements reached a median
0f93.7% of their daily energy requirements. The median values
of 75.0%, 79.6%, and 111.2% of daily energy targets were
achieved by participants receiving only enteral tube feeding,
PN, and enteral tube feeding plus PN, respectively (Table III).
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Fig. 2. The CTP and MELD scores according to RH and Non-RH Group.

Phosphate levels were within normal range in the RH
[2.1-2.7 mg/dL (median: 2.5)] and non-RH [2.6-3.5 mg/dL
(median: 3.0)] groups on the first day of the study. Serum
phosphate levels slightly decreased during the first four days
of follow-up and reached their lowest levels [1.7-2.9 mg/dL
(median: 2.3)] on the fourth day in the RH group. After a
phosphate replacement therapy, the RH group had the highest
serum phosphate value on day eight [2.4-3.2 mg/dL (median:
3.1)]. Serum phosphate concentrations declined on day 10 of
the follow-up, with a range of 2.1-3.0 mg/dL (median: 2.3).
The non-RH group showed normal serum phosphate levels
during hospitalisation (Fig. 3).

In the RH group, the CTP score strongly correlated
negatively with serum phosphorus levels on days two (Rho
=-0.805, p=0.016), three (Rho = -0.812, p=0.050), and seven
(p=0.844, p=0.017). In the non-RH group, the CTP score did
not correlate with serum phosphorus levels during the study
period (p>0.05). There was no significant correlation between
the MELD scores and serum phosphorus levels at any time
point (p>0.05) (Table IV and Fig. 4). In both the groups, daily
energy intake did not correlate with serum phosphorus levels
during the study period (p>0.05).

Table III. Patient with RH and non-RH nutritional data

DISCUSSION

Liver cirrhosis is characterised by liver parenchymal failure.
Malnutrition resulting from hepatic impairment is a common
clinical condition. The nutritional status of patients with liver
cirrhosis is typically assessed using the SGA scoring system
[16]. In our study, we evaluated the nutritional status of patients
with cirrhosis and found that half of them were malnourished.
These patients with liver cirrhosis diagnosis were evaluated for
RH, and 24% of the patients developed RH. In our study, the
RH group had worse nutritional status than the non-RH group.
Additionally, two patients in the RH group were hospitalised
in the intensive care unit for a long time (16 and 30 days),
which has a high malnutrition risk before admission. In our
study samples, 82% of the patients received oral feeding and/
or enteral feeding. Refeeding hypophosphatemia developed in
all the patients who were parenterally fed. Parenteral nutrition
can be considered as a factor that increases the risk of RH.
Similarly, a study was performed in which 48% of the patients
who developed RH were fed with artificial nutrition (EN and/
or PN) and reported a high risk of recurrence-free survival
(RFS) compared to that of other patients [17].

RH (n=12) Non-RH (n=38) P

SGA, n (%) 0.905

A, well nourished 2 (16) 20 (53)

B, mild/moderately undernourished 5(42) 14 (37)

C, severely undernourished 5(42) 4 (10)
Route of nutrition, n (%) 0.001

None 1(8) 0

Regular diet+oral nutritional supplement 5 (43) 36 (94)

Enteral tube feeding 1(8) 1(3)

PN 4(33) 0

Enteral tube feeding +PN 1(8) 1(3)
Daily energy target, kcal/day 1563.2 (1441.5-1842.9)  1643.2 (1508.7-1772.9) 0.681
Baseline daily calorie intake, kcal/day 1200.0 (525.0-1551.0) 1402.0 (1156.0-1667.5) 0.368
Baseline daily calorie intake, kcal/kg/day 18.5(7.7-21.4) 18.7 (13.2-22.5) 0.517
Adequacy of nutritional target, % 91.4 (43.1-105.2) 89.2 (52.4-104.9) 0.889

SGA: Subjective Global Assessment; NICE: National Institute for Health and Care Excellence; EN: enteral nutrition;
PN: parenteral nutrition. All data presented as median (IQR). p-value shows the difference between RH group and

non-RH group.
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Fig. 3. Serum phosphate levels in RH and Non-RH groups during
follow-up.

The risk of RFS may be greater with EN or PN than with
oral intake. Therefore, artificial feeding should be initiated
at a carefully reduced calorie rate [18]. This is explained
by stimulated insulin secretion following intravenous
administration of high glucose levels found in PN solutions,
which leads to hypophosphataemia, hypokalaemia, and
hypomagnesaemia [14]. The PN-fed participants in this
study developed a significantly higher rate of RH than those
of participants fed with other diets. However, 53% of patients
in the group that did not develop RH had a good nutritional
level, according to the SGA.

Nutritional indices significantly contribute to both CTP and
MELD scores when assessing a patient’s prognosis. A previous
study has shown that malnutrition and malnutrition related
to the stage of cirrhosis may lead to a high risk of developing
RH in patients with cirrhosis.

These findings suggest that malnutrition status is related to
cirrhosis stage, and that malnutrition may lead to a high risk
of RH development in patients with cirrhosis [19].

Our results showed that the CTP score was low in patients
with good nutritional status (SGA-A), and the CTP score was
high in those with mild, moderate, or poor nutritional status.

We can explain why the CTP score and serum phosphorus
levels were negatively correlated in patients with RH.

It was observed that the highest incidences of RH
developed on days 4 (33,3%) and 10 (25%) of the 14-day
follow-up of the patients. Intensive care patients have a higher

disease burden and malnutrition risk than those of clinical
patients with a high incidence of RH. A study by Coskun et
al. [20] reported that RH developed at least once in 52% of
117 critically ill patients, and the most common RH incidence
was 28% on day two of follow-up. Additionally, it was shown
that there was a significantly longer intensive care unit stay in
patients who developed RH [20]. In another study, hospital
stay duration in a medical inpatient group was longer than
that in a refeeding syndrome group [21]. In our study, the RH
group patients had a longer hospital stay, which is consistent
with these data.

The median phosphorus level was the lowest on days
4 and 10. The highest rate of RH was found on day four of
hospitalization. The frequency of RH was higher in patients
with malnutrition and/or PN. Phosphorus deficiency is
usually caused by a low phosphorus diet. Additionally, chronic
diarrhoea, vomiting, alkalizing drugs that inhibit phosphorus
absorption, and urinary phosphate excretion due to renal
tubular dysfunction may lead to phosphorus deficiency [22].
Fourteen (28%) of our patients had diuretics, and half of these
patients experienced RH. Therefore, the use of diuretics may
contribute to the development of RH. Magnesium deficiency
may cause a decrease in the phosphate content of skeletal
muscles and an increase in urinary excretion [23]. Our results
showed that magnesium levels in patients who developed RH
were within the normal range.

A prospective study of patients hospitalised for
decompensated cirrhosis reported that 80% of patients had
cirrhosis due to alcohol use, and hypophosphatemia was
observed in 34.4% [24]. Although most of the patients had
CTP A compensated liver cirrhosis, 24% of patients developed
RH in this study. Therefore, close follow-up is recommended
for hypophosphatemia in compensated patients to avoid
hypophosphatemia for liver protection.

Alcohol consumption is an important factor in the
development of hypophosphatemia. Excessive alcohol
consumption disrupts the concentrations of important trace
elements and increases the risk of oxidative stress and alcohol-
related liver diseases [25]. Acute hypophosphatemia due to
phosphorus deficiency can be observed in patients hospitalised
for problems related to chronic alcohol use. Approximately
half of these patients develop hypophosphatemia within the
first 2-3 days of hospitalization [26]. In our patient group, the

Table IV. Correlation analysis of serum phosphorus levels and CTP/MELD scores patient with RH and without RH

RH Group (n=9)

Non-RH Group (n=41)

CTP MELD CTP MELD
Rho P Rho P Rho p Rho p

_ Day 1 0.458 0.254 -0.282 0.498 -0.129 0.461 -0.122 0.484
E Day 2 -0.805 0.016 -0.114 0.788 0.394 0.069 0.137 0.543
g Day 3 -0.812 0.050 -0.273 0.600 -0.125 0.511 -0.018 0.927
%‘ Day 4 -0.012 0.977 0.319 0.441 0.092 0.670 0.249 0.240
= Day5 -0.209 0.653 -0.262 0.571 -0.047 0.823 0.027 0.898
§ Day 6 -0.551 0.257 -0.062 0.908 -0.224 0.315 -0.116 0.606
&

Day 7 -0.844 0.017 -0.047 0.920 0.255 0.240 0.186 0.395

CTP: Child-Turcotte-Pugh; MELD: Model for End-Stage Liver Disease.
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Fig. 4. The correlation between CTP score and serum phosphorus level of the RH group.

RH rate may have been lower because alcohol-related liver
cirrhosis was not diagnosed. Only one patient with alcohol-
related cirrhosis developed RH in our study.

Antiviral therapy is known to cause varying degrees
of hypophosphatemia in patients with chronic hepatitis B.
Entecavir or tenofovir should be considered for patients with
hepatitis B related liver cirrhosis. Tenofovir treatment carries
a potential risk of hypophosphatemia [27]. Viral hepatitis was
the most frequent etiology of liver cirrhosis in our patient
group. Eight patients had hepatitis B infection, five of whom
received tenofovir therapy. Of these, two patients developed
RH during the follow-up period. Tenofovir is involved in the
aetiology of hypophosphatemia and may contribute to the
development of RH. In our study, the patients who developed
RH received tenofovir and/or diuretics. The risk of developing
RH increases in malnourished patients with cirrhosis who
use these drugs.

CONCLUSIONS

One-fourth of the patients with liver cirrhosis in this study
developed RH. Our study contributes to revealing the risk of
RH in patients with cirrhosis in the absence of data on the
frequency of RH in these patients. This study also showed that
artificial feeding carries a significant risk of RH. It should be
considered that RH may develop, especially in patients fed
with PN. In daily practice, we recommend the evaluation of
patients with advanced-stage cirrhosis for RH.
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