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Copyright © 2009 JCBNSummary Serum prealbumin level is useful for assessment of changes in nutritional status

but it is markedly affected by the inflammation. In this study, we examined the efficacy of the

corrected rapid turnover protein increment index (CRII) for prealbumin, which is calculated

as [prealbumin level/C-reactive protein (CRP) level on the assessment day]/[prealbumin level/

CRP level on the day of starting nutritional care], for prediction of improvement of nutritional

status in patients with malnutrition. The subjects were 50 hospitalized patients with low

albuminemia, who were receiving nutritional care. Serum concentrations of albumin, pre-

albumin and CRP were measured every week for 5 weeks. We defined patients whose serum

albumin level was elevated by more than 0.2 g/dl after 5 weeks as those showing improved

nutritional status. There was a significant difference in the prealbumin level between improved

and unimproved patients at 5 weeks after the start of nutritional support. On the other hand,

the prealbumin CRII value showed a significant difference between the groups at 1 and 2

weeks after the start of nutritional support. In conclusion, assessment of prealbumin CRII is

useful for early prediction of improved nutritional status in patients with malnutrition.
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Introduction

The association between poor nutrition and illness has

long been recognized. Malnutrition is a well-known problem

in hospitals, and highlights the need for education on clinical

nutrition [1]. A number of clinical studies have been con-

ducted to determine suitable laboratory markers for evalua-

tion of malnutrition [2–9]. Among laboratory markers of

nutritional status, serum hepatic proteins have been used

because they are capable of indicating malnutrition and/or

nutritional risk in hospitalized patients. Serum albumin has

been the most widely used determinant of nutritional status.

However, albumin has a relatively large body pool and a

half-life of 20 days, and its level typically takes 14 days to

return to normal when the pool has been depleted [8].

Therefore, the level of serum albumin is considered to be

relatively insensitive to changes in nutritional intake and

nutritional risk [6].

In contrast to albumin, the half-life of rapid turnover

proteins (RTPs), such as prealbumin (transthyretin), retinol

binding protein and transferrin, is relatively short, and the
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levels of serum RTPs are changed by alterations in nutri-

tional intake and nutritional risk [6, 7, 9–14]. Therefore,

RTP has been recognized as a more sensitive indicator of

nutritional status than albumin. In a 1995 consensus state-

ment, measurement of the serum prealbumin level was

recommended for all patients admitted to hospital with

malnutrition or nutritional risk factors. In addition, sequential

measurement of prealbumin is considered useful for evalua-

tion of changes in nutritional status and risk. However, it

was sometimes difficult to correctly evaluate the nutritional

condition of patients by using serum prealbumin, since its

sequential level changed markedly at each measurement.

The levels of hepatic proteins reflect the nutritional status of

patients, and several kinds of inflammation may contribute

to an increase in net protein loss caused by catabolism

[7, 15–17]. Inflammation also induces anorexia, reducing

the probability that a patient will consume adequate nutrients

for even normal metabolic requirements. Since the half-life

of prealbumin is relatively short, its level is dramatically

changed not only by alteration of nutritional intake but also

by the presence and the degree of inflammation. Recently,

we designed the corrected RTP increment index (CRII),

which is calculated as [RTP level/C-reactive protein (CRP)

level on the assessment day]/[RTP level/CRP level on the day

of starting nutritional care]. Theoretically, the level of serum

RTP is inversely correlated with the presence of inflam-

mation, and we consider that CRII is a more sensitive marker

of the degree of inflammation than the RTP level. We per-

formed the present study to clarify the efficacy of our newly

designed parameter, CRII, for early prediction of improved

nutritional status in patients with malnutrition being cared

for by the nutrition support team (NST) at our hospital.

Subjects and Methods

The study subjects were 50 consecutive hospitalized

patients, whose serum albumin levels were under 3.0 g/dl at

the start of nutritional support and who received nutritional

care by the NST for over 5 weeks (Table 1). Care by the NST

was started after recommendation by the physician and/or

nurse in charge, and written informed consent was obtained

from all of the patients and/or their family members. All

patients were nutritionally supported so that they received an

adequate volume of water, energy, protein, vitamins, trace

elements, etc., which were calculated using the Harris-

Benedict formula, activity index, injury index, and other

methods. Serum concentrations of albumin, prealbumin and

high-sensitive CRP were measured every week while the

patients were receiving nutritional support.

Measurements of albumin, prealbumin and CRP were

performed by an automatic analyzer (Toshiba 200F, Toshiba

Medical Supply Co. Ltd., Tokyo, Japan) using kits for each

measurement (N-assay TIA prealbumin, Nittobo Co. Ltd.,

Tokyo, Japan; Albumin II HA-test, Wako Pure Chemical

Industries, Ltd., Osaka, Japan; CRP latex-enhanced TIA,

Denka Seiken Co. Ltd., Tokyo, Japan) in accordance with

the manufacturers’ instructions in the central laboratory of

our hospital. We did not measure other RTPs, such as retinol

biding protein and tranfferrin, in this study. We defined

patients whose serum albumin level was elevated by more

than 0.2 g/dl at 5 weeks after the start of nutritional support

as those showing improved nutritional status, and the study

subjects were divided into improved patients and unim-

proved (unchanged or worsened) patients, since the mean

increases in albumin levels (g/dl) during 5 weeks in the

Table 1. Study subjects

Data are expressed as the number of patients and mean ± SE (range).
1) Gastric cancer, pituitary tumor, pancreatic cancer, ovarian cancer, malignant lymphoma and leukemia; 2) acute myocardial

infarction and aneurysm; 3) cerebral infarction and hemorrhage; 4) pneumonia and aspiration pneumonia; 5) burn and decubitus;
6) postoperative state in patients with gastric cancer and aneurysm.

Improved patients Unimproved patients p value

Gender (male/female) 14/13 8/15 0.226

Age (mean ± SD) 77.0 ± 1.8 (54–94) 78.7 ± 2.0 (57–94) 0.408

Main complicating disease

Malignancy1) 11 4

Cardiovascular diseases2) 4 6

Cerebral diseases3) 4 2

Pneumonia4) 1 4

Skin diseases5) 5 4

Postoperative state6) 2 3

Serum albumin level (g/dl) 2.3 ± 0.1 (1.5–2.9) 2.6 ± 0.1 (2.0–3.0) 0.001

Serum prealbumin level (mg/dl) 11.2 ± 1.2 (4.1–30.3) 13.3 ± 1.9 (4.1–39.4) 0.676

C-reactive protein (mg/dl) 4.8 ± 1.0 (0.2–17.9) 2.7 ± 0.5 (0.2–7.5) 0.243
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improved and unimproved groups were 0.5 and −0.2, respec-

tively. Temporal changes in the serum concentrations of

albumin and prealbumin and CRII level were compared

between the improved and the unimproved patients.

Data were expressed as mean ± SE. Statistical analyses

were performed by the chi-squared test for comparisons

between the improved and the unimproved patients, and by

the Mann-Whitney U test. All calculations were done with

Stat View 5.0 software (Abacus Concepts Inc., Berkeley,

CA) for Macintosh. Differences at p<0.05 were considered

statistically significant.

Results

Mean serum albumin and prealbumin concentrations at

the start of nutrition support in the study subjects were

2.4 ± 0.1 (1.5–3.0) g/dl and 12.2 ± 1.1 (4.1–39.4) mg/dl,

respectively. The numbers of patients showing improvement

and no improvement were 27 and 23, respectively (Table 1).

There was no significant difference between the two groups

in age, gender, or main complicating diseases. Mean serum

albumin concentrations at the start of nutritional support in

the improved and unimproved groups were 2.3 ± 0.1 and

2.6 ± 0.1 g/dl, respectively, and mean serum prealbumin

concentrations were 11.2 ± 1.2 and 13.3 ± 1.9 mg/dl, respec-

tively. Mean serum CRP levels at the start of nutritional

support in the improved and unimproved groups were

4.8 ± 1.0 and 2.7 ± 0.5 mg/dl, respectively. The difference in

serum albumin level at the start of nutritional support

between the two groups was significant. However, the inter-

group differences in the levels of prealbumin and CRP were

not significant. Temporal changes in albumin, prealbumin

and prealbumin CRII are shown in Fig. 1. The mean

increases in albumin levels (g/dl) during 5 weeks in the

improved and unimproved groups were 0.5 and −0.2, respec-

tively. The serum concentrations of albumin and prealbumin

gradually increased in the improved patients, and those in

the unimproved patients gradually decreased (Fig. 1-a, b).

A significant inter-group difference in prealbumin levels

was observed at 5 weeks after the start of nutritional support.

On the other hand, the CRII value for prealbumin was

markedly different between the groups during the 5 weeks of

follow-up, and the CRII value was significantly different

between the groups at 1 and 2 weeks after the start of

nutritional support (Fig. 1-c).

Discussion

Measurement of hepatic proteins such as prealbumin has

been repeatedly demonstrated to be useful for monitoring of

malnutrition [2–14]. However, the presence of several kinds

of inflammation is recognized to be the most important

factor affecting the serum level of hepatic protein, due to

capillary leakage or alteration of normal hepatic protein

metabolism [7, 14–17]. The inflammation-associated cyto-

kines, especially IL-6 and TNF-α, were demonstrated to

Fig. 1. Temporal changes in albumin (a), prealbumin (b) and

CRII for prealbumin (c). CRII for prealbumin was

calculated as [prealbumin level/C-reactive protein (CRP)

level on the assessment day]/[prealbumin level/CRP

level on the day of starting nutritional care].

Open circle indicates the change in improved patients,

and closed square indicates the change in unimproved

patients. Data are expressed as mean ± SE.

*: The difference between the improved and unimproved

patients was significant.
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play a central role in the acute-phase response, which can

include a decline in serum concentration of albumin and

prealbumin and an increase in CRP [15]. Therefore, hepatic

proteins have been recognized as indicators of inflammatory

processes that accelerate nutritional depletion, thus being

correlated not with nutritional status, but with morbidity and

mortality and recovery from acute and chronic disease [7].

Measurement of serum hepatic protein levels helps the

clinician to identify the sickest of patients, i.e. those most

likely to develop malnutrition. Patients with low serum

concentrations of hepatic proteins are considered to require

aggressive and closely monitored nutritional intervention

[7]. In addition, failure of serum protein levels to increase

with aggressive nutritional support does not indicate that

such support is inadequate, but rather that a patient is not

recovering from the primary problem underlying inflam-

matory metabolism or has developed a secondary problem

such as infection [7, 15–17].

Serum prealbumin has a short half-life, and its synthesis

increases above baseline levels in the short term. Therefore,

the level of prealbumin would be expected to change rapidly

according to nutritional condition and the degree of inflam-

mation, and determination of its serum level is considered to

be a cost-effective and objective method for assessing the

severity of illness in patients who are critically ill or have a

chronic disease [3, 5–11]. In addition, temporal changes in

the level of prealbumin can easily be used to evaluate

changes in nutritional condition and the risk to patients.

However, assessment of patient status on the basis of

sequential changes in the level of prealbumin is sometimes

difficult, because this parameter varies markedly with short-

term changes in the degree of inflammation [7, 12–14, 16,

17]. Therefore, we designed several parameters that might

be potentially useful for early prediction of long-term

changes in nutritional status after the start of intensive

nutritional support. Among these newly designed para-

meters, we noticed that CRII, calculated as [RTP level/CRP

level on the assessment day]/[RTP level/CRP level on the

day of starting nutritional care], is affected more markedly

by the degree of inflammation in comparison with RTP

level. In this study, we compared the temporal changes in the

CRII value for prealbumin with the level of prealbumin, and

demonstrated that changes in the former were able to more

rapidly predict the increment of serum albumin concentra-

tion after nutritional support than the level of prealbumin

alone. However, this study was retrospective, and the

improvement of nutritional status was evaluated only on the

basis of the change in the serum albumin concentration

during 5 weeks. Therefore, a further prospective study will

be required in order to clarify whether CRII can indeed

predict the long-term clinical course of critically ill patients.

In addition, it will be necessary to clarify the types of

patients who are more suitable for assessment using CRII

and to investigate whether other modifications might more

clearly reflect patient nutritional status and risk.

In conclusion, this study has demonstrated that changes in

the CRII value for prealbumin are more useful than the

prealbumin level alone for early prediction of improvement

of nutritional status after the start of intensive nutritional

support in patients with malnutrition.
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