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Abstract

Purpose: A simple model was designed based on the degree of reduction in prealbumin concentration and T-lymphocyte count in critically ill patients, to investigate
whether a simple score model could be used to assess mortality in critically ill patients.

Methods: Stratification was performed according to prealbumin concentration and lymphocyte count reduction, The normal concentration of prealbumin was 170-
420mg/L, 2normal concentration were scored as 0 points; 110-170 mg/L was scored as 1 point; <110 mg/L was recorded as 2 points; T lymphocyte normal count
is 955-2860 /ul, 2normal count was recorded as O point, 955-455 /ul was recorded as 1 point; <455 /ul score was recorded as 2 points. Combinational scores were
performed to explore the correlation between combined scores and 28-day mortality and APACHE I1.

Results: There were 19 patients (8.05%) with a combined score of 0, 35 patients (14.83%) with a combined score of 1,62 patients (26.27%) with a combined score of 2,
66 patients (27.97%) with a combined score of 3, and 54 patients (22.88%) with a combined score of 4. Patients with larger scores were older, had lower T lymphocyte

count, lower red blood cell count, lower hemoglobin concentration, lower prealbumin concentration, lower albumin concentration, and higher C-reactive protein

concentration. Patients with higher combined score had higher 28-day mortality, which was statistically significant (P < 0.05).

Conclusion: A simple combined score of prealbumin concentration and lymphocyte count can be used to predict mortality in critically ill patients.

Introduction

Patients in intensive care unit (ICU) often had a poor prognosis due
to their complex and rapidly changing conditions. Data showed that the
inpatient mortality of severe patients was 42.5% [1]. The current ICU
patient scoring system includes APACHE II scoring, GCS scoring and
SOFA scoring, and so on. APACHE II scoring is widely used and has
good prognostic value. However, indicators reflecting nutritional and
immune status of patients were not included. Nutrition and immunity
were two important factors which affect the prognosis of patients.
Therefore, we urgently need to find a simple scoring model in the early
stage, so as to judge and implement intervention as early as possible
and reduce the mortality of patients. Plasma protein level can reflect the
nutritional status of protein and the severity of disease. Many biological
markers had been used in clinical evaluation of nutritional status, but
no one had been found to be completely satisfactory [2]. Albumin was
not suitable for assessing acute changes in nutritional status due to its
long half-life (15-19 days) but should perform better as an indicator
of chronic malnutrition. Transferrin was dependent on iron status and
can therefore be reduced in malnutrition, but iron deficiency, which
may be associated with nutritional disorders, can increase its serum
concentration. Therefore, this method was no longer recommended
for nutritional assessment [3]. Insulin-like growth factor 1 levels were
reduced in malnourished patients, and its effectiveness depended on
its very short half-life. It was just 6 hours. Retinol conjugated protein
provided exactly the same information as prealbumin, but its detection
cost was higher, and it is more sensitive to renal disease [4]. In contrast,
prealbumin analysis was easy to perform in the laboratory, and
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prealbumin described a patient at risk of developing malnutrition, not a
patient who was already malnourished [5,6]. Prealbumin was a thyroid
hormone transporter that was synthesized by the liver and catabolized in
part by the kidneys. Prealbumin was a common indicator of laboratory
nutritional status, and serum prealbumin concentration below 10 mg/
dL was associated with malnutrition [7]. Studies had shown that the
critical level of serum prealbumin at 123.43mg/ L is an independent risk
factor for death [8]. Compared with other serum proteins, prealbumin
was less affected by liver disease, even though it was synthesized by
the liver. Lymphocyte was an important immune cell in human body,
and the difference in lymphocyte subpopulation level can reflect the
immune state of the people, and the decrease of lymphocyte indicated
the damage of immune system, which had diagnostic and prognostic
value [9]. Studies have pointed out that the degree of initial lymphocyte
reduction (especially T lymphocyte) in ICU patients with severe
infection is related to the prognosis, and the lower the lymphocyte
level is, the worse the prognosis is [10]. When the cut-off value is 453 /
pl, CD3 +T lymphocyte count has the highest predictive value for the
patients with severe pneumonia [11]. In addition, studies have shown

*Correspondence to: Li H, Department of Critical Care Medicine, the First
Affiliated Hospital of Zhengzhou University, Zhengzhou 450000 Henan
Province, China, E-mail: 1hb161140@163.com

Keywords: critically ill patients, prealbumin, lymphocytes,prognosis

Received: November 08, 2022; Accepted: November 21, 2022; Published:
November 24, 2022

Volume 7: 1-5



Li H (2022) A scoring model based on prealbumin and lymphocytes, to explore the predictive value of mortality rate in severe patients

that prealbumin has thymus activity and can enhance body immunity
by promoting lymphocyte matured [12]. Clinically, it was often found
that prealbumin concentration and lymphocyte count in critically ill
patients were lower than those in general wards. This study aimed to
design a simple score model based on the prealbumin concentration
and T lymphocyte count reduction degree of critically ill patients. We
chose the critical value of prealbumin as 110mg/l, the critical value of
lymphocyte as 455/ul. So as to explore whether simple score can be
used to evaluate the mortality of critically ill patients and provided an
early judgment for the prognosis of critically ill patients clinically.

Methods

The general information

This study was a retrospective study, collecting the data of patients
in the ICU of The First Affiliated Hospital of Zhengzhou University from
September 2020 to September 2021. Inclusion criteria were: All patients
over 18 years of age admitted to the ICU with an expected ICU stay of
more than 72 hours. Exclusion criteria were: (1) Those over 18 years of
age who are expected to stay in ICU for less than 72 hours; (2) those who
refuse to be included in the study or have participated in similar studies;

Table 1. Baseline demographic, clinical, and laboratory values grouped by combinational score

Combined score
0 1 2 3 4 p
19(8.05%) 35(14.83%) 62(26.27%) 66(27.97%) 54(22.88%)
Gender
male 14 24 40 42 35
female 5 11 22 24 19 0.93
Age 49.00 + 12.671 50.23 + 15.088 54.53 +15.041 60.73 + 13.968 59.22+17.101 <0.05
Cell
lymphocyte 1409.34 + 386.23 831'5253;; 6;33%5;21 457.76 +214.64 280.70 + 137.89 <0.05
erythrocyte 3.99+0.87 3.68 +0.86 3.72+0.83 343+0.78 3.37+0.71 <0.05
hemoglobin 120.62 £26.17 110.20 £ 26.92 111.80 +26.61 103.38 +24.32 101.56 +23.29 <0.05
thrombocyte 2281)%§i 2123;)3; 192.66 +£136.52 202.88 + 130.61 151.09 £ 112.12 <0.05
leukocyte 12.99 £4.74 12.89 £5.04 13.69 + 7.53 13.05+6.42 12.95+7.41 0.97
neutrophil 14.93 +£19.04 11.07 £4.70 11.64 £ 6.48 11.44 £ 6.28 11.60 £ 7.11 0.51
Protein
prealbumin 227.47 +39.86 179.74 + 44.07 150.35+68.13 106.17 +37.82 72.72 £21.39 <0.05
albumin 39.17+£4.03 33.82+5.73 32.66 £ 7.06 32.15+£6.07 29.88+5.55 <0.05
CRP 35555925 4i 42;‘35; 7;;‘19; 110.77 £ 107.89 lig'ééi <0.05
Other
e wwesw pon no
ALT 92.21+239.96 35.60 + 34.03 138.23 +429.56 82.83 £135.27 78.00 + 182.53 0.42
DBIL 5.32+3.54 6.56 +4.22 15.00 +29.46 24.60 +52.11 29.39+51.55 <0.05
IBIL 7.06 +3.52 6.79 +3.47 9.92 +9.30 10.90 + 12.07 14.40 +20.99 0.058
TBIL 12.38 £6.67 13.35+£6.85 25.62 +£36.99 35.50 £ 62.79 43.79 + 68.85 <0.05
NT-BNP 1;‘173523; 122792; ;:?; 2385;)529 6* 2965.93 + 5129.94 7110.40 + 2427.52 0.144
Co-disease
hypertension
yes 9 9 17 31 19
no 10 26 45 35 34 0.08
diabetes
yes 2 4 8 16 12
no 17 31 54 50 42 026
hepatopathy
yes 0 0 1 1 4
no 19 35 61 65 50 0.13
nephropathy
yes 0 1 0 1 1
0.76
no 19 34 62 65 53
CHD
yes 1 2 5 4 5
no 18 32 57 62 49 095
APACHEII 14.63 £7.63 16.11 £ 8.08 17.13 £8.67 1827 +7.77 1827 +7.77 0.39
Time 19.05 + 17.46 17.57 +£18.08 17.79 £ 16.80 1424 +£12.82 14.85+12.95 0.53

*CHD means coronary heart disease, Co-disease means comorbidity
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Table 2. Comparison of survival rates in different groups(P=0.042)

Co-score n Death Survival Survival rate
0 19 4 15 78.94%
1 35 9 26 74.29%
2 62 24 38 61.29%
3 66 26 40 60.60%
4 54 23 31 57.40%
n 236 86 150 63.60%

Table 3. Comparison of combined score and APACHE 1I in the death group and the
survival group (P=0.042, P=0)

n Co-score APACHEII

Death 86 2.64+1.126 20.85 + 8.467

Survival 150 2.31+£1.253 1529 +7.412
P=0.043 p=0

(3) complicated with organ malignant tumor; (4) persons with mental
disorders; (5) pregnant women; (6) Any disease causing primary or
acquired immune deficiency, such as HIV, active autoimmune disease,
blood disease and so on, or had received chemotherapy within the
past three months; (7) Incomplete follow-up data. Excluding the cases
that lacking sufficient data, a total of 236 patients were included. This
study was in accordance with the Helsinki Declaration and approved
by the Ethics Committee of the First Affiliated Hospital of Zhengzhou
University.

Data collection

Collecting the results of the patient's first blood test within 24
hours of admission. Serum prealbumin levels were determined by
immunoturbidimetry. Other general data were collected, including age,
sex, T lymphocyte count, red blood cell count, white blood cell count,
platelet count, hemoglobin, prealbumin, albumin, C-reactive protein,
conjugated bilirubin, unconjugated bilirubin, total bilirubin, B-type
brain natriuretic peptide, APACHEII, and so on.

Follow-up

The end point of follow-up was the 28-day mortality rate from the
day of admission to the intensive care unit, based on course records and
telephone consultations.

Grouping

Stratification was performed according to prealbumin concentration
and lymphocyte count reduction, The normal concentration of
prealbumin was 170-420mg/L, greater than or equal to normal
concentration were scored as 0 points; 110-170 mg/L was scored as
1 point; less than or equal to 110 mg/L was recorded as 2 points; T
lymphocyte normal count is 955-2860 /ul, greater than or equal to
normal count was recorded as 0 point, 955-455 /ul was recorded as
1 point; less than or equal to 455 /ul score was recorded as 2 points.
Combinational scores were performed to explore the correlation
between combined scores and 28-day mortality and APACHE II.

Statistical analysis

For continuous variables, the computed data conforming to normal
distribution were expressed as mean + standard deviation (SD),
and variance analysis was done for comparison among groups. For
categorical variables, a chi-square test was used for comparison among
groups. Kaplan-Meier survival analysis was computed to compare the
cumulative survival rates of the five groups. All statistical analyses were
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performed using the SPSS software version 26.0 (SPSS, Chicago, IL,
USA). A two-sided P value of 0.05 was adopted as statistically significant.

Results

There are a total of 236 patients were categorized. As shown in Table
1, there were 19 patients (8.05%) with 0, 35 patients (14.83%) with 1,62
patients (26.27%) with 2, 66 patients (27.9%) with 3, 54 patients (22.88%)
with 4, The patient had the higher score, who had the older the age, the lower
T lymphocyte count, red blood cell count and hemoglobin concentration,
the lower the prealbumin concentration and albumin concentration, the
higher the C-reactive protein concentration. Patients with a higher 28-
day mortality rate had a higher combined score, which was statistically
significant (P < 0.05). This suggests timely nutritional supplementation at
the early stage of admission to the ICU, to prevent anemia and infection.
And comorbidity do not affect the combined scores.

As shown in Table 2, the survival rates of patients in 0 score group
was 78.94%, the survival rates of patients in 1 score groups was 74.29%,
the survival rates of patients in 2 score groups was 61.29%, the survival
rates of patients in 3 score groups was 60.60% and the survival rates of
patients in 4 score groups was 57.40%. It was statistically significant
(P < 0.05). This suggests that the patients who had the higher score,
who had the lower the survival rate. The combined score was inversely
proportional to survival rate.

The following studies were computed to see differences in
combined scores grouped by mortality and age. As shown in Table 3, the
APACHEII of the death group was 20.85 + 8.467, and the APACHEII
of the survival group was 15.29 + 7.412, with statistically significant
differences (P < 0.05); The combined score of the death group was 2.64
+ 1.126, and that of the survival group was 2.31 + 1.253, which was
statistically significant (P < 0.05). Neither APACHEII or combined
scores the scores of the death group were higher than the survival group.
Stratified by age 18-29, 30-49, 50-69, and 70-89, as shown in Table 4, the
combinational score of 18-29 was 2.21 + 1.251, the combinational score
of 30-59 was 2.02 + 1.318, the combinational score of 50-69 was 2.45
+ 1.182, the combinational score of 60-89 was 2.94 + 0.998, which was
statistically significant (P< 0.05). This suggests older patients had higher
combined scores and lower survival rates. The older patients were, the
more attention should be paid to the occurrence of malnutrition and
the decrease of immunity in clinical work.

As shown in Figure 1, when the observation time was 28 days, the
cumulative survival rate of score 0-4 showed an overall decreasing
trend, and the cumulative survival rate of score summation 3 and score
summation 4 were relatively similar. The median survival time of score
0-4 was respectively 22.938 days, 21.463 days, 19.328days, 18.612 days
and 18.472days. The median survival time was obviously different
between groups even the significance level was 0.431.

Discussion

Serum prealbumin is a sensitive and stable indicator of nutritional
status. Serum prealbumin level has been proved to be correlated with
the prognosis of patients with various diseases [13-16]. The results of

Table 4. combined score between different age groups (P=0.002)

Age n M=SD

18-29 14 2.21+1.251
30-49 58 2.02+1.318
50-69 116 2.45+1.182
70-89 48 2.944+0.998
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Figure 1. 28-day survival curves for groups 0-4

this study showed that with the decrease of prealbumin concentration,
the mortality of severe patients gradually increased, consistently
with previous studies. Wen ji Wang and his partners showed that
prealbumin predicted 90-day mortality of patients with acute kidney
injury after controlling for other nutritional and inflammatory markers.
Serum prealbumin levels decreased compared with patients with stable
prealbumin levels; the prealbumin of patients decreased at 4 mg/dL,
had a 79% increased risk of death [17]. Ju-dong Li and his partners
showed that pre-operative prealbumin levels can be used to predict
long-term prognosis in hepatectomy patients with Hepatocellular
Carcinoma. Overall survival and progression-free survival were
significantly reduced in patients with low prealbumin compared with
normal prealbumin group [18]. Angelo and his partners showed that
lower serum prealbumin concentration were significantly associated
with severity and mortality of novel Coronavirus 2019 (COVID-19)
[19]. However, the exact mechanism of the lower serum prealbumin
concentrations observed in high-risk COVID-19 patients was unknown
and may be related to common excessive inflammation and cytokine
release [20,21]. Due to the complex and rapidly changing conditions
of patients in intensive care, low prealbumin levels at admission may
be associated with poor prognosis of patients at later stage. Detection
of prealbumin levels at admission may facilitate appropriate risk
assessment of patients at early stage, leading to better treatment
measures.

Lymphocytes are the core of the body's immune response, and
the most clinically detected are T cell subsets, such as CD3+, CD4+,
CD8+, CD4+/CD8+, which generally reflect the body's current
immune function, state and balance level, and are of great significance
for assisting in the diagnosis of some diseases, analyzing their
pathogenesis, observing efficacy and prognosis. Studies have shown
that the SOFA score is equal to 3 as the critical value divided into severe
and critical groups, the number of CD3+, CD4+ cells, CD4+% and
CD4+/CD8+ ratio in critical group were significantly lower than those
in severe group. Early test of peripheral blood T lymphocyte number
in ICU patients has a good clinical significance for the early diagnosis,
evaluation and guidance of clinical treatment of ICU patients [22]. Novel
coronavirus research is a hot spot in recent years. Studies had shown
that hematologic changes were common, including lymphocytopenia,
and the standardized changes of T cell subsets are the largest. The T
lymphocytes played an important role in clearing virus-infected cells,
and the cell counts were valuable in predicting disease severity and
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clinical outcome [23-25]. Studies had shown that, CD3+ T cells counts
and time when the nucleic acid turned negative were independent
risk factors for in-hospital death of COVID-19 patients [26]. A sharp
decrease in the total number of lymphocytes means that coronaviruses
can consume many immune cells and inhibit cellular immune function
[27]. These studies suggest that the injury of T lymphocytes may be
an important factor leading to the deterioration of patients' disease.
Lymphocyte count was not only related to the severity of the disease,
but also to the speed and degree of improvement. Therefore, early use
of immunomodulators can improve the status of infection in critically
ill patients. Detection of lymphocyte count on admission was very
important for predicting prognosis of patients in intensive care.

A combined scoring system based on serum prealbumin
concentration and lymphocyte count (CO-PAL) score of 2 can
accurately predict the outcome of patients undergoing gastrectomy for
stage II/III gastric cancer. Lymphocyte count less than 1.5x109/L was
counted as 1 score, prealbumin concentration less than 180 mg/ L was
counted as 1 score, the overall survival rates at 1, 3 and 5 years in Co-
PAL score 0 group were 93.6%, 69.1% and 54.8%, respectively, which
were significantly higher than those in Co-PAL score 1 group (90.8%,
59.7% and 43.7%, P=0.005), and co-PAL score 2 group (84.2%, 51.3%,
36.2%, P < 0.001 [28].

Although some studies have confirmed the effect of immunological
and nutritional status on the prognosis of critically ill patients. But
clinical studies of the combination of the two are rare. In this study,
patients were stratified according to the decreased degree of prealbumin
concentration and lymphocyte count, and a total of 5 groups of patients
with a combined score of 0-4. The result showed that the higher score
group, the worse the prognosis, which was statistically significant (P
< 0.05). The patient had the higher score, who had the older the age,
the lower T lymphocyte count, red blood cell count and hemoglobin
concentration, the lower the prealbumin concentration and albumin
concentration, the higher the C-reactive protein concentration.
Patients with a higher 28-day mortality rate had a higher combined
score, which was statistically significant (P< 0.05). With the increase
of the combined score, the overall survival rate of patients showed a
decreasing trend. The combined score of the death group was 2.64 +
1.126, and that of the survival group was 2.31 + 1.253, the difference
was statistically significant (P < 0.05).

This suggests that the reduction of prealbumin and lymphocyte
count had clinical significance. Nutrition should be given early to
patients be admitted in the ICU, lymphocyte subsets need to be tested.
APACHE 1I was used for the initial score of severe patients within 24
hours. The higher the score, the worse the prognosis was. Simple scoring
model can be used to judge critically ill patients at the early stage (< 24
hours), when they were admitted in ICU, to take active intervention
measures timely, which may improve the prognosis of patients and
reduce their mortality.

However, in this study, the number of stratified groups were small
If we increase the number of stratified groups the obvious difference
in scores between groups may be seen intuitively. In addition, some
patients were transferred to the hospital for treatment, and the
prealbumin concentration and lymphocyte count were not measured
in the early admission period of critically ill patients, which may affect
the results to a certain extent. This is a retrospective study, and a large-
scale prospective study is needed in the future. The influence of changes
in prealbumin concentration and lymphocyte count on prognosis of
patients can be further explored.
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Conclusions

In conclusion, a simple combinational score based on prealbumin
concentration and lymphocyte count is a good predictor of mortality.
Measurement and calculation in the early stage of admission to the
ICU, and active intervention can improve the prognosis of patients
and reduce the mortality rate. In recent years, nutritional support
has received extensive attention in the industry in the prevention
and treatment of severe diseases. Studies have shown that adding
immunomodulatory components into traditional enteral nutrition can
stimulate the immune response, improve the immune defense function,
and then reduce the mortality of severe disease. Therefore, by measuring
the prealbumin concentration and lymphocyte count of critically ill
patients, adopting immune-type enteral nutrition in an early and timely
stage, it can effectively improve the prognosis and reduce the mortality
of the disease [29,30].
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