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Abstract

Refeeding syndrome is difficult to diagnose since the guidelines for identifying those at risk are largely based on subjective clinical par-

ameters and there are no predictive biochemical markers. We examined the suitability of insulin-like growth factor 1 (IGF1) and leptin

as markers to identify patients at risk of the refeeding syndrome before initiation of parenteral nutrition (PN). A total of thirty-five consecu-

tive patients referred for commencement of PN were included. Serum leptin and IGF1 were measured before starting PN. Electrolytes, liver

and renal function tests were conducted before and daily for 1 week after initiating PN. The primary outcome was a decrease in phosphate

12–36 h after initiating PN. ‘Refeeding index’ (RI) was defined as leptin £ IGF1 divided by 2800 to produce a ratio of 1·0 in patients who

are well nourished. RI had better sensitivity (78 %; 95 % CI 40, 97 %) and specificity (78 %; 95 % CI 40, 97 %) with a likelihood ratio of 3·4,

at a cut-off value of 0·19 for predicting a $30 % decrease in phosphate concentration within 12–36 h after starting PN, compared with IGF1

or leptin alone. However, IGF1 was a better predictor of mortality than either leptin or the RI. The present study is the first to derive and

test the ‘RI’, and find that it is a sensitive and specific predictor of the refeeding syndrome in hospitalised patients before starting PN.
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Refeeding syndrome is a potentially fatal condition caused by

rapidorexcessive administrationof feeding,whetheroral, enteral

or parenteral, after a period of relative or absolute starvation(1).

A constellation of metabolic disturbances with the development

of severe fluid and electrolyte imbalances, along with neuro-

logical, pulmonary, cardiac, neuromuscular and haematological

complications, could result from the refeeding syndrome(2,3).

Hospitalised patients are those most at risk of developing this

problem, while the true incidence remains unknown.

The hallmark biochemical feature of the refeeding

syndrome is hypophosphataemia, but the syndrome may

also feature abnormal Na and fluid balance, hypokalaemia,

hypomagnesaemia, and changes in glucose, protein and fat

metabolism(4). Carbohydrate metabolism requires thiamin

that is not stored in large amounts in the body, hence heart

failure and encephalopathy secondary to thiamin deficiency

may be precipitated by refeeding(2,3). These features are often

subtle before initiation of feeding, but once feeding is started,

these may escalate into life-threatening biochemical abnorma-

lities with major fluid and electrolyte shifts(3). Morbidity and

mortality from the refeeding syndrome may be significantly

reduced if reliable predictive markers could be identified.

The evidence base for predicting the refeeding syndrome is

poor and consists mainly of cohort studies, case series and

consensus expert opinion(5). It is not surprising therefore that

the UK National Institute of Clinical Excellence (NICE) guide-

lines on the identification of patients at high risk of refeeding

problems include recommendations based on expert opinion

and ‘good clinical practice’(6). The difficulty in predicting

those at high risk is further compounded by the need for a

thorough and precise history obtained from the patient, span-

ning the preceding 3–6 months. Hospitalised patients may

often be either too confused or simply unable to provide

an accurate history. The NICE criteria also have the potential

to identify a number of patients as at risk when they may not

be, thus delaying the establishment of full nutritional support.

The well-known case of a healthy performance artist who

did not consume any energy for 44 d revealed that while

most of his biochemical measurements were unchanged

before refeeding, there were striking alterations in leptin and
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insulin-like growth factor 1 (IGF1) concentrations(7). This is

not surprising as several nutritional factors regulate leptin

and IGF1 production(8,9). Both decline significantly in con-

ditions of starvation(7), through potentially independent

mechanisms(10). Our hypothesis was that concentrations of

leptin and IGF1 decline more significantly in patients who

are at risk of the refeeding syndrome, and that, together,

leptin and IGF1 could provide a useful ‘refeeding index’ (RI)

as a predictive tool for this potentially serious and difficult

to diagnose condition.

Materials and methods

Between January and April 2009, new inpatients referred

to our team for initiation of parenteral nutrition (PN) were

recruited. Exclusion criteria comprised patients who were

on oral or enteral feeding at the same time as when the par-

enteral feed was started, as well as those who had already

been commenced on PN before being referred to us. None

of the patients received dextrose or Ca infusions with PN.

The total number of patients eligible for the present study

was thus thirty-five. The present study was conducted accord-

ing to the guidelines laid down in the Declaration of Helsinki,

and all procedures involving patients were approved by

the King’s College Hospital Ethics Committee (Denmark Hill,

London, UK). Verbal informed consent was obtained from

all patients, and this was witnessed and formally recorded.

The study has been registered in the ClinicalTrials.gov registry.

The registration number is NCT01227850. Routine blood

samples were taken between 06.00 and 09.00 hours in

the morning before initiation of PN. Patients were assessed

for nutritional status to determine whether or not they were

malnourished, according to the NICE guidelines(6), while

nutritional intake and the number of days a patient was nil

by mouth (NBM) were recorded. The Schofield equation(11)

was used to estimate BMR and adjusted for activity and

stress to give the approximate energy requirements(12).

Patients were identified to be at ‘high risk’ of developing

refeeding problems according to the guidelines set out

by the NICE(6) for identifying such patients. These patients

were started on 25 % of their daily energy requirements for

the first 48 h with gradual increase to meet or exceed require-

ments by 4–7 d. Patients who were NBM for more than 5 d

or clinically malnourished according to the NICE guidelines

(either BMI ,18·5 kg/m2 or unintentional weight loss .10 %

within the last 3–6 months, or BMI ,20 kg/m2 and un-

intentional weight loss .5 % within the last 3–6 months)(6)

were commenced on 50 % of their daily energy require-

ments for the first 48 h(6). Feeding rates were then increased

to meet the nutritional needs, provided the patients did

not show a significant decrease in phosphate, K or Mg.

Kabivenw PN bags or part bags (Fresenius Kabi Limited,

Runcorn, Cheshire, UK) were selected based on each

patient’s energy requirements with the addition of electrolytes,

vitamins and minerals as required either in the PN bag

or as separate infusions.

Blood tests were repeated daily between 08.00 and 09.30

hours, for at least a week once PN was started. Samples

were analysed for electrolytes (including phosphate, K or

Mg), liver and renal function on the Advia 2400 (Siemens

Healthcare Diagnostics, Camberley, Surrey, UK). Patients

were subsequently followed up for a period of 1 month to

determine mortality.

Insulin-like growth factor 1 and leptin measurements

Serum was separated and stored frozen at 2208C. IGF1 was

analysed using an immunochemiluminescent assay run on

the Immulite 2000 (Siemens Healthcare Diagnostics). The

intra- and inter-assay CV were less than 8 %. Since the

lowest limit of detection for the IGF1 assay was 25mg/l, we

considered any value of less than this for purposes of analysis

as 25mg/l. Leptin was measured using an ELISA kit (Diagnos-

tic Systems Laboratories, Inc., Webster, TX, USA). The intra-

assay CV for leptin was less than 5 % at all concentrations.

Deriving the ‘refeeding index’

Age- and sex-unified mean values for leptin and IGF1 were

calculated from reference ranges used in our laboratory(13,14).

This was done by deriving the means of the given age- and

sex-adjusted reference ranges for each analyte, and then by

calculating their mean values. This value was 21mg/l for

leptin and 134mg/l for IGF1. The product of these two num-

bers is 2800 (rounded to two significant figures), which

forms the basis for the denominator to derive a ‘RI’, defined

as the product of leptin and IGF1 divided by 2800; in well-

nourished patients, this should give a value of approximately

1·0. This index was therefore derived in a similar way to

the homeostatic model assessment for insulin resistance

index, which is based on multiplying the glucose concen-

tration by the insulin concentration and then dividing by a

factor (product of mean glucose and insulin values), which

normalises to 1·0(15).

Statistics

Statistical analysis was conducted using ‘Analyse-It’ version

2.21 (Analyse-It Limited, Leeds, UK). Receiver-operator

curves were constructed; hence, sensitivity and specificity

were obtained for each of IGF1, leptin and RI against a

$30 % phosphate drop as well as against death within 1

month of starting PN.

As the leptin and IGF1 data were not normally distributed,

non-parametric statistical tests were used for all data analyses.

The Mann–Whitney test was used to determine the relation-

ship between IGF1, leptin and the RI and other variables

such as patient’s sex, days NBM $5 d, whether or not a patient

was clinically malnourished and mortality. The Kruskal–Wallis

ANOVA test was used to assess the association of the afore-

mentioned parameters, as well as death, against patient

location and estimated glomerular filtration rate, which con-

sisted of three categories as given in Table 1. The association

of the three parameters (IGF1, leptin and the RI) with age

was determined using the Spearman rank correlation test,

while Fisher’s exact test was used to compare phosphate
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drop with mortality, whether a patient was malnourished and

NBM $ or ,5 d.

Results

Demographics and clinical evaluation

A total of thirty-five patients, nineteen males and sixteen

females, mean age 53 (SEM 3·29; range 18–83) years, were

included in the present study. Of these patients, thirteen

were admitted to a liver intensive treatment unit, five to

other intensive treatment units and seventeen patients were

from various non-intensive therapy wards.

We identified seven patients as at ‘high risk’ of refeeding

problems. In total, eleven patients were NBM for 5 d or

more, while four other patients had an unclear energy

intake for the weeks preceding admission. After clinical exam-

ination, fifteen patients were deemed to be malnourished,

while five other patients were difficult to categorise, based

on vague history and inconclusive clinical evaluation.

Table 1 demonstrates that eight patients died (five from liver

intensive treatment unit, two from general wards and one

from other intensive treatment units); seven patients died

within 10–14 d of initiation of PN, while one died 4 weeks

after PN was started. None of the patients developed clinical

features of the refeeding syndrome.

Electrolyte trends

Despite supplementation of phosphate, K or Mg in antici-

pation of suspected decreases after starting PN, we observed

phosphate concentrations decreasing significantly between

12 and 36 h of starting PN in nine patients. The phosphate

decrease in these patients was observed to be .30 % and

fell below the lower limit of our laboratory’s reference range

of 0·80 mmol/l in all nine patients. The other patients had

either no decrease of phosphate or a #21 % decrease.

Of the nine patients who exhibited a significant decrease in

phosphate, five were identified before starting PN as at risk

of the refeeding syndrome based on either being NBM

for $5 d and/or being malnourished on clinical assessment.

On the other hand, fourteen patients who were defined

as either clinically malnourished(6) and/or NBM for $5 d

showed no significant decrease in their phosphate concen-

trations after starting PN. Table 2 shows the mean values

and standard deviations of phosphate concentrations for all

patients and for patients who died, before and after starting

PN, with those who had a significant decrease in serum

phosphate compared with the group with no significant

decrease. K, Mg and Na showed minimal variations in the

week following initiation of PN.

Leptin, insulin-like growth factor 1 and the refeeding
index

Table 3 shows the results for leptin, IGF1 and the RI (calcu-

lated from the first two parameters as described earlier in

the Materials and methods section). Relevant clinical details

Table 1. Summary of the patient data

Patient data Frequency

Sex
Male 19

Location
General ward 17
Other ITU 5
Liver ITU 13

Phosphate drop (%)
, 30 26
$ 30 9

Days nil by mouth
, 5 20
$ 5 11
Unknown 4

Clinically malnourished
No 15
Yes 15
Unsure 5

GFR (ml/min)
, 40 4
40–60 10
. 60 21

Died
Yes 8
No 27

ITU, intensive treatment units; GFR, glomerular
filtration rate.

Table 2. Comparison of phosphate concentrations in all patients v.
those who died, with either a $30 % or a ,30 % drop in phosphate
before and after starting parenteral nutrition (PN), against the refeeding
index measured before starting PN†

(Mean values, standard deviations, ranges and number of patients)

Patients with
a $30 %

phosphate
decrease

Patients with
a ,30 %

phosphate
decrease

Number of all patients 9 26
Phosphate before starting PN

Range (mmol/l) 0·65–1·56 0·7–1·55
Mean (mmol/l) 1·08 1·1
SD 0·3 0·23

Phosphate after starting PN
Range (mmol/l) 0·38–0·73 0·54–1·88
Mean (mmol/l) 0·55 1·05*
SD 0·12 0·35

Refeeding Index
Range 0·06–0·64 0·02–3·00
Mean (mmol/l) 0·20 0·53*
SD 0·20 0·64

Number of patients who died 4 4
Phosphate before starting PN

Range (mmol/l) 0·74–1·38 0·69–1·25
Mean (mmol/l) 0·98 1·00
SD 0·28 0·25

Phosphate after starting PN
Range (mmol/l) 0·49–0·73 0·67–1·76
Mean (mmol/l) 0·59 1·10*
SD 0·10 0·48

Refeeding index
Range 0·06–0·42 0·04–0·26
Mean (mmol/l) 0·17 0·18
SD 0·17 0·10

* Mean values were significantly different (P,0·05; t test).
† Reference interval for phosphate is 0·80–1·40 mmol/l.
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for each patient are also given in this table. Receiver-operator

curves plotted against a $30 % phosphate drop showed that

the RI had the greatest area under the curve compared with

IGF1 or leptin alone (0·75 v. 0·64 and 0·65, respectively;

95 % CI 0·55, 0·94; P 0·006), as indicated in Fig. 1. The cut-

off value for the RI, which conveys the best sensitivity and

specificity for a significant decrease in phosphate, is 0·19,

with a likelihood ratio of 3·4. At this cut-off value, the sensi-

tivity is 78 % (95 % CI 40, 97 %), the specificity is 77 % (95 %

CI 60, 90 %), and the positive and negative predictive values

for the occurrence of a $30 % phosphate drop are 54 and

91 %, respectively.

Receiver-operator curves plotted against death within 1

month of starting PN showed that IGF1 had the greatest

area under the curve compared with either leptin or the

RI (0·79 v. 0·62 and 0·75, respectively; 95 % CI 0·64, 0·94;

P , 0·0001), as indicated in Fig. 2. The cut-off value for

IGF1, which conveys the best specificity and sensitivity for

the occurrence of death, is 33mg/l, with a likelihood ratio of

2·6. At this cut-off value, the sensitivity is 88 % (95 % CI 47,

99·7 %) and the specificity is 67 % (95 % CI 46, 84 %).

Other correlations

There was no significant association between the values of

either IGF1 or the RI and the presence of malnourishment,

but leptin was significantly lower in those who were defined

as being malnourished as opposed to others (mean leptin

was 16·1 (SEM 4·0) v. 28·3 (SEM 3·1)mg/l, respectively;

P ¼ 0·004). There were no significant correlations between

the measured analytes (IGF1 and leptin) and, therefore, the

RI and patient’s sex, age, location or estimated glomerular

filtration rate. A low RI, on the other hand, was significant

regarding $5 d NBM (P¼0·04). There was no significant

correlation between a decrease in phosphate of $30 % and

whether a patient was clinically malnourished, the number

Table 3. Clinical details of individual patients, as well as results for insulin-like growth factor 1 (IGF1), leptin, the refeeding index (RI) and those who
had a $30 % phosphate drop on day 2 or 3 of starting parenteral nutrition

Sex
Age

(years) Location
IGF1
(mg/l)

Leptin
(mg/l) RI Maln

NBM
(d)

Weight
(kg)/BMI
(kg/m2) PO4 Diagnosis Death Cause*

Time
(d)†

M‡ 19 Ward 25 13 0·12 Yes 7 39/20 Yes AIH No
F‡ 77 Ward 33 13 0·15 Yes 10 52/19 Yes SBO No
M‡ 83 Ward 35 7 0·09 Yes 10 49/16 Yes Cholangio CA No
F 58 LITU 25 8 0·07 Yes 2 – Yes ALD Yes ALF 10
F 58 LITU 75 33 0·88 No 0 – No Venlafaxine OD No
M 59 ITU 89 11 0·35 No 0 – No SB perforation No
M 18 Ward 245 21 1·83 Yes 2 61/20 No Aplastic anaemia No
F 45 LITU 32 5 0·06 No 0 52/22 Yes POD Yes ALF 14
M 76 Ward 48 29 0·5 No 5 82/25 No Rectal CA No
M 66 Ward 28 66 0·66 Yes 0 80/24 No Acute pancreatitis No
F‡ 50 Ward 44 7 0·11 Yes 10 51/20 Yes LVH/megarectum Yes OCM 13
F 22 Ward 119 12 0·5 Yes 3 75/29 No Aplastic anaemia No
M 41 LITU 98 28 1 No 3 – No Cholangio CA No
M 29 LITU 73 16 0·42 Yes 2 80/22 No LT for ALF No
M 65 LITU 25 5 0·04 Yes 2 – No Cholangio CA Yes MOF þ sepsis 14
M 68 LITU 25 5 0·04 Yes UNK 66/21 No LT/SB fistula No
F 83 Ward 72 9 0·23 Yes 1 64/22 No CA colon No
M 26 LITU 30 2 0·02 Unsure 7 102/– No SB ischaemia No
F 26 Ward 25 17 0·15 No 4 52/21 No Pancreatitis No
M 61 LITU 44 45 0·7 No 0 81/22 No Colonic CA No
M 73 LITU 31 38 0·42 No UNK 90/33 Yes Cholangio CA Yes Metastasis 28
F 67 Ward 25 20 0·18 No 2 66/25 Yes Cholangio CA No
F 78 LITU 27 30 0·29 No 2 55/23 No Rectal CA No
M 47 Ward 35 60 0·8 Unsure UNK 57/19 No LT-PSC No
M 24 ITU 25 24 0·21 No 2 71/27 No CF Yes MOF þ sepsis 10
F 65 ITU 25 30 0·27 No 7 – No PPU No
M 32 Ward 168 50 3 No 3 78/25 No AML No
F 45 LITU 25 24 0·21 Unsure UNK 85/30 No Adeno CA Yes MOF þ sepsis 10
M 65 Ward 44 10 0·16 Unsure 2 – No NET No
F 58 ITU 49 37 0·64 No 2 64/24 Yes Ischaemic colitis No
M 44 ITU 50 27 0·5 No 2 76/23 No Ischaemic SBO No
F 48 LITU 25 21 0·19 Unsure 5 78/– No ALD No
F‡ 78 Ward 25 29 0·26 Yes 7 45/17 No Colonic CA Yes SBO þ AF 14
F‡ 50 Ward 49 23 0·4 Yes 10 50/18 No Choledochal cyst No
M‡ 55 Ward 56 8 0·16 Yes 7 54/19 No AML No

Maln, malnourished; NBM, nil by mouth; PO4, phosphate drop of .30 %; M, male; AIH, autoimmune hepatitis; F, female; SBO, small-bowel obstruction; CA, cancer; LITU, liver
intensive care unit; ALD, alcoholic liver disease; ALF, acute liver failure; OD, overdose; SB, small bowel; ITU, other intensive care units; POD, paracetamol overdose; LVH,
left ventricular hypertrophy; OCM, obstructive cardiomyopathy; LT, liver transplant; MOF, multiorgan failure; UNK, unknown; PSC, primary sclerosing cholangitis; CF, cystic
fibrosis; PPU, perforated pyloric ulcer; AML, acute myeloid leukaemia; NET, neuroendocrine tumour; AF, atrial fibrillation.

* Cause of death as documented in the death certificate.
† Time of death from starting parenteral nutrition.
‡ The patients who were identified as being at ‘high risk’ of refeeding problems.
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of days NBM before starting PN, estimated glomerular

filtration rate, patient’s location, age or sex. Mortality was

also not found to be significantly related to the latter variables

but was significantly associated with a phosphate drop of

$30 % (P¼0·004). IGF1 was not found to be correlated with

C-reactive protein but was correlated with albumin concen-

trations (95 % CI 0·21, 0·72; P ¼ 0·0017). Leptin did not corre-

late with either.

Discussion

We demonstrate, for the first time, that the ‘RI’, formulated

from leptin and IGF1 concentrations, may predict a decrease

in phosphate as observed in the refeeding syndrome, follow-

ing the initiation of PN, and is a more powerful tool than

either IGF1 or leptin alone. It therefore appears that a combi-

nation of a significantly low IGF1 and leptin presents a

biochemical hallmark for predicitng the refeeding syndrome.

Refeeding syndrome is commonly underdiagnosed and may

present with minimal clinical indicators that could easily be

masked by a multitude of pre-existing medical problems in

hospitalised patients. Moreover, criteria for the identification

of patients at high risk of developing this syndrome are

based on a history from patients or relatives, which is

often equivocal, difficult to obtain and plagued with subjec-

tivity. Even though the nutritional state of the patient can

be estimated through history and clinical examination, we

have shown in the present study that the number of

days NBM and clinical signs of malnutrition, unlike the RI,

are not significantly associated with a decrease in phosphate

concentrations. These findings suggest that history and clinical

assessment may be suboptimal predictive tools of the refeed-

ing syndrome. This problem is compounded by the fact

that electrolyte imbalances before initiating feeding are often

minimal(6) as we have demonstrated.

Significant reduction in phosphate concentrations after

initiation of feeding appears to be the most reliable biochemi-

cal marker that the refeeding syndrome has occurred(16–18).

This reduction was observed in approximately 26 % of

our patients, consistent with the incidence reported in the

literature that varies between 18 and 34 %(17,19). It is important

to note that the acute decrease in serum phosphate observed

was despite additional phosphate supplementation, in those

predicted to develop the refeeding syndrome(6). Moreover,

only four patients had an initial phosphate concentra-

tion below the reference interval (0·80–1·40 mmol/l) before

feeding; the lowest concentration in these patients was

0·65 mmol/l.

An interesting finding was the relationship between low

IGF1 values and mortality; IGF1 alone being superior to the

RI denotes that leptin is not as strongly linked to death. The

cause of death for the majority of these patients was single

or multiple organ failure. None of them had clinical signs of

the refeeding syndrome; although such metabolically compro-

mised patients may have had subclinical refeeding syndrome,
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Fig. 1. Receiver-operator curves showing the area under the curve (AUC)

for the thirty-five patients, when the outcome of the phosphate drop of

.30 % on days 2–3 of starting parenteral nutrition is tested against insulin-

like growth factor 1 (IGF1, –A–), leptin (–-S–-) and the ‘refeeding index’

(RI, –K–), which employs the former two parameters. The AUC for IGF1 is

0·64, for leptin is 0·65 and for the RI is 0·75, indicating the superiority of

the RI over IGF1 or leptin alone in predicting the occurrence of refeeding

problems. , No discrimination. 1·0
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Fig. 2. Receiver-operator curves showing the area under the curve (AUC)

for the thirty-five patients, when the outcome of death within 1 month (eight

patients) of starting parenteral nutrition (PN) is tested against insulin-like growth

factor 1 (IGF1, –A–), leptin (–-S–-) and the ‘refeeding index’ (RI, –K–), which

employs the former two parameters. The AUC for IGF1 is 0·79, for leptin is 0·62

and for the RI is 0·75, indicating that IGF1 alone is superior over leptin or the RI

in predicting the occurrence of death. Note that seven out of eight patients died

within the first 2 weeks of starting PN. , No discrimination.

M. O. Elnenaei et al.910

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114511001097  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114511001097


which could have tipped the delicate balance irreversibly.

Another explanation could be that patients with organ failure,

particularly liver failure, would be more prone to have lower

concentrations of IGF1. The patient’s location on a liver

intensive care unit was not found to be significantly associated

with mortality, suggesting that liver failure alone would not

account for the present findings. Moreover, the fact that a

decrease in phosphate of $30 % was significantly linked to

mortality denotes that the refeeding syndrome may have

played a role in these patients before death; though this

syndrome remains clinically difficult to recognise.

Previous reports have observed the association of low IGF1

concentrations with cell death(20). The IGF1 signalling path-

way has been established as a key modulator of ageing and

longevity(21). Yet, conflicting evidence surrounds the effect

of a low IGF1 on death, as lifelong IGF1 deficiency causes

early ageing, but not premature death(21). Specifically, in the

cardiovascular system, heart failure has been associated with

reduced local expression of IGF1(22), denoting a cardioprotec-

tive role of IGF1, with low concentrations being detrimental to

cardiac function. Moreover, a link between IGF1 and morbid-

ity in hospitalised patients has previously been suggested, and

it has been found to be one of the predictors of survival in

cancer patients on palliative care(23,24). Although IGF1 has

been suggested to be a marker of the acute inflammatory

response, particularly following surgery(25), we did not find

a correlation between IGF1 and acute-phase reactants such

as C-reactive protein in our patient cohort. However, a signifi-

cant correlation has been found between IGF1 and albumin

concentrations, suggesting that other factors besides inflam-

mation can influence IGF1, most notably protein–energy

undernutrition(23).

Despite abiding by the recommended guidelines(6,12) for

electrolyte replacement during PN in those suspected to be

at risk of refeeding, a decrease in phosphate of $30 %

occurred in several of our patients, even though only four

patients had a low serum phosphate before starting PN.

There remains a lack of clear guidance on effective manage-

ment of potential refeeding syndrome. The decrease in

phosphate in patients who were not identified to be at risk

of the refeeding syndrome may be explained by the lack

of additional supplemented phosphate and the normal rate of

intravenous administration of the prescribed PN. The use

of the RI may therefore help to identify more subtle cases

and hence avoid the repercussions of inappropriate feeding

or insufficient electrolyte replacement.

The main limitation of the present study was the relatively

small study population, and hence further work is warranted

in order to create better defined cut-off values for the RI to

improve its positive predictive value by using more sensitive

IGF1 assays and employing a larger study population. Other

limitations were the inability of our IGF1 assay to accurately

quantify concentrations below 25mg/l and the fact that age-

and sex-unified values of IGF1 and leptin were employed

to obtain a single factor to calculate the RI. The latter would

be particularly affected by the IGF1 values since it was derived

from a larger set of reference ranges influenced by both age

and sex; thus, expansion of our work is needed to create

age- and sex-tailored cut-off values that could introduce

greater sensitivity and specificity to the RI. However, the

value of the RI in the present study was found to be surpris-

ingly unaffected by age and sex on statistical analysis. It

must also be acknowledged that there is still no ‘gold standard’

for defining the refeeding syndrome, and thus a significant

decrease in phosphate is currently the best surrogate marker

to be used as a benchmark for further studies on the RI(16–18).

The present findings suggest that the ‘RI’ as a normalised

product of IGF1 and leptin is a novel and specific marker

that can be helpful in identifying patients before starting PN

who are at risk of developing the refeeding syndrome.
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