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Occurrence and predictors of refeeding syndrome in
adult patients receiving parenteral nutrition at a
Malaysian teaching hospital: A retrospective study
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Background and Obijectives: Refeeding syndrome (RS) is a potentially life-threatening condition characterised
by significant electrolyte and fluid imbalances, posing a considerable risk in patients undergoing parenteral nutri-
tion (PN) therapy. This study aimed to determine the occurrence, risk factors, severity, and complications of RS
in a teaching hospital in Malaysia. Methods and Study Design: A retrospective observational study was con-
ducted using universal sampling from October to December 2023. Data were collected for adult patients receiving
PN for more than 48 hours between July 2022 and July 2023 at Hospital Canselor Tuanku Muhriz. Results:
Among 90 patients included, 30 (33.3%) developed RS. Upon consideration of interaction terms due to collinerity
of variables, a statistically significant correlation was observed between pre-existing electrolyte derangements
and RS occurrence (p = 0.001). Phosphate levels showed the most significant decline post-PN initiation (43%),
followed by potassium (19%) and magnesium (17%), primarily within the first 24 hours. No significant associa-
tions were found between BMI, fasting duration, unintentional weight loss, or medication history and RS. How-
ever, fasting for more than five days (AOR 2.8, 95% CI 0.4-17.7) and >10% unintentional weight loss (AOR 1.8,
95% CI 0.4-7.7) increased the likelihood of RS. Conclusions: RS is prevalent among adult PN patients, predom-
inantly with mild severity. Pre-existing electrolyte abnormalities, especially in phosphate levels, were robust pre-
dictors. Larger studies are needed to better elucidate the associations between risk factors and RS in the local

population.
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INTRODUCTION
Refeeding syndrome (RS) is a potentially life-threatening
condition that can occur when nutritional support is initi-
ated in malnourished individuals.*® It is characterised by
severe shifts in fluids and electrolytes, particularly phos-
phate, potassium, and magnesium, as well as altered glu-
cose metabolism. These changes are primarily driven by
the sudden reintroduction of carbohydrates, leading to
increased insulin secretion, which shifts electrolytes from
the blood into the cells, resulting in potentially fatal com-
plications.* Due to the lack of standardisation and precise
electrolyte threshold values for RS, previous studies have
reported varying incidence rates of RS, ranging from 0%
to 80% with this divergence being influenced by the char-
acteristics of the study population and the vagueness of
the criteria used to define RS.®

The populations most prone to developing RS include
those with chronic malnutrition, such as individuals with
anorexia nervosa, chronic alcoholism, prolonged fasting,
or severe gastrointestinal diseases. It also affects patients
with conditions that result in significant weight loss or
those who have undergone prolonged periods of inade-
quate nutrition, such as elderly patients with frailty or

those recovering from major surgery.®

The shift from starvation to refeeding triggers an in-
creased cellular uptake of glucose, potassium, phosphate,
and magnesium, leading to their depletion in the blood-
stream.3® Early signs of RS, typically appearing within
the first 72 hours of nutritional therapy, include signifi-
cantly low blood levels of phosphate, potassium, and
magnesium.” Severe hypophosphatemia is frequently rec-
ognised as a key feature of RS.8 If untreated, these imbal-
ances can result in acute fluid overload, respiratory fail-
ure, and heart failure, posing significant risks of morbidi-
ty and mortality.38°

Several risk factors increase the likelihood of develop-
ing RS. According to the National Institute for Health and
Care Excellence (NICE) Guidelines,* patients who meet
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the criteria outlined in Table 1 are deemed to be at high
risk for developing RS. This high-risk group includes a
substantial number of patients requiring parenteral nutri-
tion (PN) therapy. Understanding these factors is essential
for the early identification and management of at-risk
patients to prevent the potentially severe consequences of
this syndrome.

The American Society of Parenteral and Enteral Nutri-
tion (ASPEN) has outlined methods for identifying pa-
tients at risk of RS, aligning closely with NICE guide-
lines. In addition, ASPEN has provided detailed classifi-
cations of RS severity, along with strategies for preven-
tion and treatment. ASPEN categorises RS severity as
follows: a 10%—-20% reduction in serum phosphate, po-
tassium, and/or magnesium levels indicates mild RS; a
20%-30% reduction suggests moderate RS; and a reduc-
tion greater than 30%, or the onset of organ dysfunction
within 5 days of initiating nutrition support, signifies se-
vere RS.* This classification emphasises the importance
of thorough patient assessment to appropriately categorise
its severity, enabling tailored management to avert com-
plications. This approach supports close monitoring and
the implementation of targeted interventions.

A prospective cohort study conducted in London
demonstrated that RS could be predicted with 66.7% sen-
sitivity and over 80% specificity in patients with poor
nutritional intake for more than 10 days, weight loss ex-
ceeding 15%, and low baseline serum magnesium levels.
While no deaths were directly attributed to RS, mortality
occurred due to other causes such as cerebrovascular ac-
cidents, severe injuries, respiratory failure, and organ
failure during the feeding period (5.3%) and hospitalisa-
tion (28%).2 In Malaysia, research on RS is limited. A
2015 study by the International Islamic University Ma-
laysia (IlUM) investigated the incidence of refeeding hy-
pophosphatemia in intensive care unit (ICU) patients,
focusing solely on hypophosphatemia and reported that
refeeding hypophosphatemia occurs in 45% of ICU pa-
tients, with risk factors including a higher Nutrition Risk
in the Critically 1l (NUTRIC) score and hypomagnese-
mia, though no differences in outcomes such as mortality,
length of hospital or ICU stay and duration of mechanical
ventilation were seen.!! Due to the lack of RS data in Ma-
laysian population, this current study has been conducted
to determine the occurrence of RS and its associated risk
factors in hospitalised Malaysian adult patients.

Table 1. Criteria for determining people at high risk of RS*

METHODS

Study design

This was a retrospective observational study conducted at
a single-site university teaching hospital - Hospital Can-
selor Tuanku Muhriz (HCTM) from October 2023 to De-
cember 2023 using a universal sampling method. Inpa-
tients over the age of age 18 years, commencing PN for
more than 48 hours, between July 2022 and July 2023
were included in the study. Data were collected through a
review of patients' medical records and electronic labora-
tory records. Since this retrospective study utilised rou-
tinely available clinical data, informed consent was not
required. Regulatory and ethical approval was obtained
from the institutional ethics review board (UKM
PPI/111/8/JEP-2023-637), and all individual patient data
were anonymised to ensure confidentiality.

Sample size

Using Krejcie and Morgan formula,'? the estimated sam-
ple size was 85 participants. This was estimated from the
reported prevalence of the refeeding hypophosphatemia
in a Malaysian intensive care unit at a government hospi-
tal,!* being the closest reported data of RS in the local
population. However, since a universal sampling ap-
proach was used, the calculated sample size served as a
guide. All accessible data from medical records that met
the inclusion criteria were included.

Data collection

The data collection form that was developed for this study
consisted of 5 sections; (i) patient demographic profiles;
(ii) laboratory investigations; (iii) risk factors of RS (cri-
teria as displayed in Table 1); (iv) severity of RS as de-
fined by ASPEN, and (v) complications of RS.® The di-
agnostic criteria used by the research team to confirm RS
is based on ASPEN criteria, which is a decrease in any 1,
2, or 3 of serum phosphate, potassium, and/or magnesium
levels by more than 10% of normal values.*

Clinical data such as vital signs (blood pressure, pulse,
respiratory rate, temperature), electrolyte levels, full
blood count, liver function test and renal profile as well as
anthropometric data such as weight and height were col-
lected from patient medical records or the hospital elec-
tronic inpatient system. Serum electrolyte readings refer
specifically to phosphate, magnesium and potassium lev-
els throughout this work, from up to 48 hours prior to PN
initiation and up to 72 hours post PN initiation were ob-
tained. Monitoring of electrolytes in this study is based
on in-house hospital practice that recommends daily

Patient has 1 or more of the following:
BMI less than 16 kg/m?

Unintentional weight loss greater than 15% within the last 3 to 6 months

Little or no nutritional intake for more than 10 days

Low levels of potassium, phosphate or magnesium before feeding

Or patient has 2 or more of the following:
BMI less than 18.5 kg/m?

Unintentional weight loss greater than 10% within the last 3 to 6 months

Little or no nutritional intake for more than 5 days

A history of alcohol abuse or drug including insulin, chemotherapy, antacids or diuretics
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monitoring of electrolyte levels as baseline prior to PN
initiation and post PN initiation for 7 days or until stable.
This protocol is based on recommendation from interna-
tional guidelines such as ASPEN and the British Associa-
tion for Parenteral and Enteral Nutrition (BAPEN).314
Body mass index (BMI) and unintentional weight loss
were calculated from anthropometric data, duration of
fasting was based on the medical history or recorded days
of nil by mouth, and the history of medicines used was
based on the medication history records. Severity of RS
was determined following the ASPEN criteria of percent-
age of drop in serum phosphate, potassium, and/or mag-
nesium levels from before to after PN initiation, up to 72
hours post PN initiation or the onset of organ dysfunction
within 5 days of initiating nutrition support.

Data analysis

Data are presented as mean = standard deviation (SD) or
median and interquartile range (IQR) for continuous data;
absolute and relative frequency for categorical data, re-
spectively. Differences between groups were computed
with t-tests for normally distributed data, Mann-Whitney
U for non-normally distributed data, chi-square test for
categorical data, multiple binary logistic regression for
association between risk factors and occurrence of RS,
with a p-value <0.05 indicating significance. To account
for potential interactions among factors associated with
RS, multiple logistic regression analysis was performed,
incorporating key independent variables: BMI, duration
of fasting, percentage of unintentional weight loss, and
electrolyte levels prior to PN initiation as well as interac-
tion terms (BMI*duration of fasting, BMI*unintentional
weight loss, and duration of fasting*unintentional weight
loss). To check for multicollinearity, Variance Inflation
Factor (VIF) analysis was conducted. A VIF threshold of
>5 was used to indicate high collinearity. The results re-
vealed substantial collinearity between BMI and duration
of fasting, with both variables showing VIF values ex-
ceeding 5, suggesting redundancy between these varia-
bles. To address collinearity, BMI was excluded, and fast-
ing duration was retained in the final model based on bet-
ter model fit (higher Nagelkerke’s R?). Given this finding,
the final logistic regression model was adjusted for dura-
tion of fasting, unintentional weight loss, and electrolyte
levels prior to PN initiation. The revised analysis aimed

Table 2. Demographic profiles (n=90)

to ensure robust statistical estimates without bias intro-
duced by interdependent variables. All data analysis was
done using SPSS V.29.0 (Chicago, Illinois, USA).

RESULTS

Demographic profiles of adult patients on parenteral
nutrition

A total of 97 patients were eligible to be recruited. Seven
were excluded as they did not meet inclusion criteria,
therefore a total of 90 patients were analysed (56.7%
male) with median age 60.5 years (IQR = 19) and BMI
22.9 kg/m? (IQR = 6.3) (Table 2). RS patients had a me-
dian age of 59.5 years (IQR = 21), while non-RS patients
had a median age of 60.5 years (IQR = 20). Out of the 30
RS patients, the number of female patients (n = 17,
56.7%) was higher than male patients (n = 13, 43.3%). In
contrast, non-RS patients had a higher number of males
(n = 38, 63.3%) than females (n = 22, 36.7%). The aver-
age weight was 63.7 kg (SD = 14) for RS patients and
63.4 kg (SD = 13.9) for non-RS patients. The median
height for RS and non-RS patients was 162.5 cm (IQR =
9) and 165 cm (IQR = 11) respectively. Based on the
weight and height, the BMI was calculated. RS patients
had a median BMI of 23.6 kg/m? (IQR = 6.7) while non-
RS patients had a median BMI of 22.6 kg/m? (IQR = 6.3).
Overall, the p-value was > 0.05 for all the demographic
variables. Hence, there was no statistically significant
difference in the demographic variables between RS and
non-RS patients. The health status of the recruited pa-
tients is presented in Supplementary Table 1.

Severity and complication of refeeding syndrome

The total number of patients who developed RS was 30
(33.3%) and the severity of RS was analysed with majori-
ty (53.5%) reported as mild RS (Table 3). Only one out of
30 RS patients, reportedly developed a complication re-
lated to RS — arrhythmia.

Association between risk factors and occurrence of
refeeding syndrome

In the initial logistic regression model, BMI, duration of
fasting, unintentional weight loss, and their interaction
terms (BMI*fasting duration, BMI*weight loss, and fast-
ing duration*weight loss) were tested but all variables
were found to be non-significant (p > 0.05) except for

Demographic variables All patients (n = 90) RS patients (n = 30) Non-RS patients (n=60) p-value
Age (median, IQR) (60.5, 52.0 — 72.5) (59.5, 47.8 — 68.5) (60.5, 52 - 72) 0.601*
Gender, n (%)
Male 51 (56.7%) 13 (43.3%) 38 (63.3%) 0.0718
Female 39 (43.3%) 17 (56.7%) 22 (36.7%)
Weight (kg) (mean £ SD) 63.5+13.9 63.7+£14.0 63.4+13.9 0.9197
Height (cm) (165, 160 - 170) (162.5, 158.8 — 168.8) (165, 160 — 170.8) 0.174*
(median, IQR)
BMI (22.9, 20.3 - 26.5) (23.6, 20.2 - 26.9) (22.6, 20.1 - 26.4) 0.508*
(median, 1QR)

RS - refeeding syndrome; IQR - interquartile range at 25th and 75th percentile; SD - standard deviation.

TIndependent T-test
*Mann-Whitney U test
SChi-square test.



554 TW Ng, NA Abu Hassan Shaari, BK Sadu Singh, CM Premakumar

Table 3. Severity of RS (n=30)

Variables Frequency Percentage
(n=30) (%)

Percentage electrolyte reduction K, Mg and/or PO4

10 — 20% (mild RS) 16 53.3

20 — 30% (moderate RS) 7 23.3

> 30 (severe RS) 7 23.3

K - potassium; Mg — magnesium; PO4 — phosphate; RS - refeeding syndrome

electrolyte levels (p = 0.025). Additionally, high colline-
arity was observed between BMI and fasting duration
(VIF > 5 for both), indicating that their inclusion together
could distort model estimates. To address this issue, the
regression analysis was repeated, including either BMI or
duration of fasting, but not both. Among the revised mod-
els, the model that included duration of fasting as an in-
dependent variable was finalised, as it demonstrated a
better model fit, indicated by a higher Nagelkerke’s R2 =
0.187, suggesting it explained a greater proportion of the
variance in RS occurrence compared to the model with
BMI, Nagelkerke’s Rz = 0.126.

The final adjusted model results (Table 4) remained
unchanged from the initial analysis, showing that only
electrolyte levels prior to PN initiation remained signifi-
cantly associated with RS occurrence (p = 0.001, adjusted
odds ratio [AOR] 6.1, 95% CI 2.0 — 18.4). No significant
associations were observed for duration of fasting, or un-
intentional weight loss, even after adjusting for collineari-
ty.

There was a statistically significant association between
pre-existing electrolyte derangements for potassium,
magnesium and phosphate with RS occurrence (p =
0.018). The levels of potassium, magnesium and phos-

phate were analysed and notably, phosphate levels exhib-
ited the most pronounced decline post-PN initiation
(43%), followed by potassium (19%) and magnesium
(17%). The electrolyte derangements primarily occurred
within the initial 24 hours post-PN initiation. The changes
were monitored 24, 48 and 72 hours post PN-initiation as
shown in Supplementary Table 2.

Derangement of any of the three electrolyte levels be-
fore PN initiation independently predicted RS (AOR 6.1,
95% CI 2.0 — 18.4, p = 0.001); other variables were not
significantly associated with RS. However, the likelihood
of RS occurring was higher in patients who were fasting
more than 5 days (AOR 2.8, 95% CI 0.4 to 17.7, p = 0.27)
and in patients with > 10% unintentional weight loss
(AOR 1.8,95% C10.4t0 7.7, p = 0.43).

DISCUSSION

Evidence on RS in the Malaysian hospitalised patient
population is scarce. A recent study from Md Ralib et.al.
in 2015 reported refeeding hypophosphatemia in ICU
patients at a tertiary hospital was 44.8%.% In our retro-
spective study, it was observed that 33.3% of adult
patients who were on PN, developed RS. There is a lack
of global standardisation in diagnosing RS, the reported

Table 4. Association between risk factors and occurrence of RS (n=90)

Variables

Multiple binary logistic regression

95% CI p-value Adjusted OR

Lower

Upper

Duration of fasting, n (%)
<5 days
> 5 days
Unintentional weight loss, n (%)
< 10%
> 10%
History, n (%)
Chemotherapy
Yes

No 0.108

Insulin
Yes

No 0.147

Antacids
Yes

No 0.142

Diuretics
Yes

No 0.255

Electrolyte Levels before PN Initiation, n (%)
Normal
Derangement

0.446

0.416

2.016

17.7 0.271 2.81

7.72 0.434 1.79

2.55 0.426 0.526

3.29 0.646 0.694
2.78 0.539 0.627
2.84 0.792 0.851

18.4 0.001 6.09

PN — parenteral nutrition.
p-value < 0.05 denotes statistical significance.
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occurrence in this study fits into the wide variation previ-
ously reported in other global studies with occurrence of
RS between 0 — 80% by review from Friedli et al.; 0 —
62% by review from Cioffi et al.;>!> 25% to 43% from
Brazilian hospital studies.’®'” However, this study used
ASPEN guidelines as the diagnostic criteria and focused
on the first 48 hours before PN and 72 hours after PN
initiation, which is the most critical time for identification
of risk as well as the manifestation of RS.%%° Previous
studies have reported similar challenges with the quality
and accuracy of diagnostic criteria from NICE guidelines
being poor predictors of RS occurrence.®

It was observed that the electrolyte derangement levels
in our study were the only significant predictor for the
occurrence of RS and similarly was reported in previous
studies!”® highlighting the importance of monitoring
electrolyte levels in patients on PN. Additionally, electro-
lyte derangements of potassium, magnesium and phos-
phate levels were seen in being associated with RS occur-
rence. Patients with more than 10% unintentional weight
loss and/or fasting for more than 5 days had higher odds
ratio values, suggesting a higher chance of developing
RS. Therefore, our findings suggest that patients on PN
with more than 10% unintentional weight loss or without
dietary intake for more than 5 days have a higher risk for
RS as shown by international guidelines.*'® The exclu-
sion of either BMI or fasting duration did not alter the
overall conclusions, indicating that these variables were
not independent risk factors for RS in this study popula-
tion. The lack of association between BMI, fasting dura-
tion, and RS suggests that these factors may act as inter-
dependent proxies for malnutrition, rather than independ-
ent predictors.

History taking is essential when initiating patients on
PN, as it helps assess nutritional status and identify risks
such as RS. A comprehensive review of the patient's die-
tary intake, recent weight changes, chronic conditions,
and history of medication use or substance abuse provides
critical data to tailor PN regimens and prevent RS through
early identification of RS risk. Identifying risk factors
such as prolonged starvation, alcoholism, and significant
weight loss enables clinicians to implement preventive
measures, including gradual caloric increases, electrolyte
correction and monitoring before initiating PN. Addition-
ally, evaluating comorbidities and medications helps ad-
dress metabolic and electrolyte imbalances that may arise
during PN. Effective history taking and medication rec-
onciliation, therefore, plays a pivotal role in reducing RS
risk and improving patient outcomes. -2

Awareness and education are critical to ensuring
healthcare professionals understand the importance of
proper history taking during the pre-initiation review for
PN. Healthcare providers may not be fully aware of the
key data required to assess the risk of RS or may underes-
timate its occurrence and potential severity. Structured
education and training programs can address this gap by
emphasising the role of comprehensive nutritional as-
sessments in identifying at-risk patients, including those
with prolonged malnutrition, significant weight loss, or
chronic illnesses. By equipping them with the knowledge
and skills to gather important dietary, medical, and medi-
cation histories during PN pre-initiation review, they can

more accurately identify patients vulnerable to RS. This
increased focus on education and awareness will ultimate-
ly improve patient safety and outcomes during PN thera-
py.2324

Approximately half of the RS patients (53.3%) had
mild RS, defined as 10-20% derangement in either of the
three electrolytes, with phosphate levels being the electro-
lyte that had the most significant drop pre to post PN ini-
tiation emphasising previous findings that have recog-
nised hypophosphatemia as the universally recognised
hallmark of RS.% This finding emphasises the importance
of monitoring electrolyte levels in PN patients, particular-
ly within the first 24 to 72 hours after initiating PN, to
promptly identify and address early signs of RS. Previous
research has underscored the critical need for close daily
monitoring of biochemical parameters, particularly during
the initial week of nutrition support.222

Only one patient was reported with a RS-related com-
plication, specifically arrythmia. The limited detection of
RS-related complications in this case may be attributed to
overlapping clinical presentations with other conditions,
such as electrolyte imbalances from chronic illnesses or
malnutrition, which complicates the identification of RS-
specific symptoms. The challenge in distinguishing RS
complications from those of other clinical conditions is
well-documented, as the clinical presentations often over-
lap with other critical illness syndromes, making identifi-
cation of RS complications challenging.2® Moreover, in-
adequate monitoring specifically for RS complications
may have contributed to the underreporting. This aligns
with previous studies that suggest serious complications
of RS are uncommon and rarely cause death, especially in
hospital settings where careful monitoring of electrolyte
levels is in place.?>% This finding further emphasises the
need for heightened awareness and vigilance in identify-
ing RS and its complications.?°

Strengths and weaknesses of the study
The findings of this study should be interpreted with cau-
tion, as it was not designed to investigate the underlying
mechanisms of RS. One of the key strengths lies in the
use of standardised diagnostic criteria which was to en-
sure consistency in the identification of cases. However,
the study’s external validity is limited due to the inherent
bias of its narrow selection criteria, being a single-centre
study. Additionally, the retrospective nature of data col-
lection resulted in incomplete records and inconsistencies
in medical documentation, which led to the exclusion of
some potentially eligible patients from the analysis. Fur-
thermore, the risk factors for RS, such as fasting duration,
weight loss, and BMI, may interact and act as confound-
ing factors, potentially influencing the association analy-
sis presented in Table 4. In this study, adjustments for
confounding effects were made by assessing interaction
terms; however, there is still room for improvement.
Future prospective multicenter studies are needed to
increase sample size, reduce biases, and improve general-
isability, while also incorporating standardised complica-
tions monitoring and electrolyte monitoring study proto-
cols based on clinical guidelines to ensure comprehensive
data collection. Additionally, advanced statistical ap-
proaches, such as stratified analysis or machine learning
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models, should be employed to refine analyses, enhance
confounder adjustments, and better assess multivariable
interactions for a more precise understanding of RS risk
factors and management.

Conclusion

In conclusion, this study found that the incidence of RS
among adult patients at HCTM is 33%. The majority of
patients experienced mild RS with minimal RS-related
complications. Electrolyte imbalances emerged as the
most significant predictor of RS, while unintentional
weight loss and fasting duration were identified as clini-
cally important risk factors. Electrolyte disturbances, es-
pecially phosphate depletion, predominantly occurred
within the first 24 hours of PN initiation, with phosphate
reduction being the most prominent marker of RS. Fur-
ther prospective studies are needed to understand the risk
factors associated with RS in this patient population.

SUPPLEMENTARY MATERIALS
All supplementary tables and figures are available upon request
from the editorial office.
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