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Purpose: Low total protein (TP) is associated with mortality among patients with specific diseases, but its association was uncertain 
among general patients. We evaluated the effects of low TP on in-hospital mortality among general inpatients.
Patients and Methods: We used data from the Japan Adverse Drug Events study series. We enrolled adult inpatients (≥ 16 years) 
admitted to a tertiary care hospital between September 1 and November 30, 2013. We excluded patients with multiple myeloma, 
pregnant women, and bone marrow graft donors. Patient data were extracted from electronic medical records. All patients were 
stratified into those with and without malignancy and divided into the low and normal TP groups. Low TP was defined as < 6.5 g/dL. 
We compared the in-hospital mortality of the low and normal TP groups stratified by the presence of malignancy.
Results: Among the 2235 enrolled patients (mean age, 67.8 years), the TP value was lower in 516 patients with malignancy than in 
1719 patients without malignancy (6.6 g/dL vs 6.8 g/dL, P = 0.0002). Among patients without or with malignancy, 27% (462/1719) 
and 35% (183/516) were in the low TP group, respectively. Mortality was higher in the low TP group among patients without 
malignancy (23.2% vs 10.2%, P < 0.0001). Likewise, among patients with malignancy, mortality was higher in the low TP group 
(34.7% vs 11.3%, P = 0.0029). The adjusted hazard ratio of the low TP group was 1.75 (95% confidence interval, 1.04–2.96) in 
patients without malignancy and 2.45 (95% confidence interval, 1.12–5.37) in patients with malignancy, but the interaction was not 
significant (P = 0.23).
Conclusion: Low TP values were associated with higher in-hospital mortality among general inpatients, and this association was 
observed among patients with and those without malignancy. Routinely measured TP should be utilized to risk stratification on admission.
Keywords: admission, general patients, historical cohort study, mortality, total protein

Introduction
Total protein (TP) value represents patients’ nutritional conditions1 as well as immune or inflammatory status.2,3 A study 
including a cohort of 509 acute hip fracture patients showed that 81% of them had protein malnutrition, defined by 
TP<6.5 g/dl.1 Another study including 46 patients with traumatic spinal cord injury also reported that 49% of them were 
hypoproteinemic, defined by TP<6.5 g/dl and a significant relationship between the incidence of hypoproteinemia and 
injury level (p=0.006).4 Thus, malnutrition is common in patients with certain diseases1 but often unrecognized.5 

Furthermore, Katsuki et al reported that lower total protein level was associated with poor outcome measured by 
modified Ranking Scale at 6 months after endoscopic removal of intracranial hematoma.6 These previous reports showed 
a low TP was associated with spinal cord injury stage and surgical risk of intracranial hemorrhage,4,6 and some other 
reports also suggested TP as a supplemental marker to predict the prognoses for some disorders, including ischemic 
stroke and chronic heart failure.5

TP could work as a supplemental marker to predict the prognoses because patients with low nutrition status may have 
sarcopenia and such patients with sarcopenia may have difficulty in performing rehabilitation due to loss of muscle bulk 
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and function.6 However, the association between low TP and mortality among non-selective patients has not yet been 
evaluated, and the utility of the measurement of TP at admission for general inpatients was not investigated though TP is 
routinely measured in daily clinical practice.

The investigation of the impact of TP value at admission on in-hospital prognoses enables better risk stratification or 
management of all admitted patients in clinical practice. Thus, we conducted a historical cohort study to clarify the 
relationship between TP value at admission and in-hospital mortality among general inpatients.

Materials and Methods
Study Design and Patients
The data supporting this study are available from the corresponding author upon reasonable requests. We used data from 
the Japan Adverse Drug Events study series, which comprises cohort studies evaluating adverse drug events in Japan.7–9 

We included all adult patients admitted to a tertiary care hospital over a 3-month period from September 1 to 
November 30, 2013. We excluded patients aged < 16 years on admission since they were not considered adults. 
Pregnant women and bone marrow graft donors were excluded because they are generally considered healthy. We 
excluded patients with multiple myeloma because a higher TP value indicates illness severity. Patients for whom TP 
values at admission were unavailable were excluded.

Ethical Approval
The study protocol complied with the ethical guidelines for medical and health research involving human subjects issued by 
the Ministry of Health, Labour and Welfare in Japan and the Declaration of Helsinki. This study was approved (R12-055) 
by the institutional review board at Hyogo Medical University and Shimane Prefectural Central Hospital which waived the 
requirement for informed consent because all data were obtained as part of daily routine practice.

Data Collection and Outcomes
We extracted information on patient characteristics and laboratory data from electronic medical records. First, we 
classified all patients into those with and those without malignancy based on the primary disease on admission for 
stratification. Because our data did not include patients’ history of malignancy, patients with a history of malignancy 
were considered to have no malignancy when admitted due to another non-malignant primary disease on admission 
regardless of their unknown past history of malignancy. We then sorted out diseases among patients without malignancy 
into diseases that were potentially related to a low TP or those were not related. The diseases potentially related to low 
TP included renal disease, liver disease, hypermetabolic disease, inflammatory bowel disease, burn injury, eating 
disorder, and alcoholism, and used to be adjusted.

We divided all patients into the low and normal TP groups, and defined a low TP as < 6.5 g/dL.1 The primary 
endpoint was in-hospital mortality, and we compared the in-hospital mortality between the low and normal TP groups 
stratified by the presence of malignancy.

Statistical Analysis
Descriptive statistics are presented as mean and standard deviation or median and interquartile range (IQR) for 
continuous variables and as numbers and percentages for categorical variables. We performed the t-test or Wilcoxon 
rank sum test for continuous variables and the chi-square test for categorical variables.

All patients were followed up until transfer, discharge, or death; the former two were considered censor for survival 
analyses. We used the Kaplan-Meier curve and Log rank test to evaluate in-hospital mortality among patients with low 
and normal TP stratified by the presence of malignancy. We used multivariate Cox proportional hazard models to 
estimate the effects of low TP on in-hospital mortality; the effects are expressed as hazard ratios (HRs) and their 95% 
confidence intervals (CIs) for those with and without malignancy separately. We included the following variables in the 
multivariate models for adjustment: age, sex, diseases potentially related to a low TP, systolic blood pressure, white blood 
cell count, and estimated glomerular filtration rate (eGFR). Systolic blood pressure reflected patients’ vital signs or shock 
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status, white blood cell count reflected inflammatory or infectious diseases, and eGFR reflected renal function. We 
constructed the same Cox proportional hazard models to estimate the interaction p value between low TP and the 
presence of malignancy in all patients.

We used JMP Pro 14.2.0 (SAS Institute Inc., Cary, NC, USA) software for all analyses. Two-tailed p values < 0.05 
were considered statistically significant.

Results
A total of 3120 patients were admitted during the study period, while 418 patients younger than 16 years, 365 pregnant 
women, and four bone marrow graft donors were excluded. We also excluded nine patients with multiple myeloma and 
89 patients for whom TP values were missing. Overall, 2235 patients were enrolled in the study (Figure 1).

The mean patient age was 67.8 years; it was similar between those with and those without malignancy (67.9 years vs 
67.7 years, respectively; P = 0.79). The percentage of men was 53.2%, and there were more men among those with 
malignancy than among those without malignancy (57.6% vs 52.0%, respectively; P = 0.025). The mean TP value was 
6.75 g/dL; it was lower in patients with malignancy than in those without malignancy (6.6 g/dL vs 6.8 g/dL, respectively; 
P = 0.0002) (Table 1). Patients with malignancy had significantly lower hemoglobin levels and lower white blood cell 
counts, but other laboratory test values were numerically similar between those with and those without malignancy 
(Table 1).

Among patients without malignancy, the low TP group was significantly older and had a lower body mass index 
(BMI), lower blood pressure, lower hemoglobin, higher white blood cell count, lower platelet count, higher glucose level, 
higher lactate dehydrogenase level, higher prothrombin time-international normalized ratio, and lower eGFR than the 
normal TP group. Similarly, patients with malignancy in the low TP group had a lower BMI, lower blood pressure, and 
lower hemoglobin levels (Table 2).

Figure 1 Study flowchart.
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The median length of hospital stay among patients without malignancy was 12 days and 9 days (P < 0.0001) in the 
low and normal TP groups, respectively, while those of patients with malignancy were 10 days in the low and normal TP 
groups (P = 0.77) (Table 3).

A Kaplan-Meier curve for patients without malignancy showed that mortality in the low and normal TP groups were 
7.0% and 2.1% at 14 days and 12.0% and 4.3% at 30 days, respectively (Log rank test, P < 0.0001) (Figure 2A). Among 
patients with malignancy, the mortality of the low and normal TP groups were 4.8% and 0.9% at 14 days and 17.8% and 
9.2% at 30 days, respectively (Log rank test, P = 0.0029) (Figure 2B).

Crude HRs of low TP relative to the normal TP group were 2.91 (95% CI, 1.77–4.81) in patients without malignancy 
and 2.98 (95% CI, 1.40–6.34) in those with malignancy (Table 4). The adjusted HRs of the low TP relative to the normal 
TP group were 1.75 (95% CI, 1.04–2.96) in patients without malignancy and 2.45 (95% CI, 1.12–5.37) in those with 

Table 1 Patient Characteristics Stratified by the Presence of Malignancy

Variable All  
(n = 2235)

Without Malignancy  
(n = 1719)

With Malignancy  
(n = 516)

P value Missing  
Values (n)

Age-years, mean (SD) 67.8 (17.8) 67.7 (19.0) 67.9 (13.4) 0.79 0

Male, n (%) 1190 (53.2) 893 (52.0) 297 (57.6) 0.025 0

Body mass index-kg/m2, mean (SD) 22.0 (3.7) 22.2 (3.7) 21.7 (3.7) 0.015 545

Systolic blood pressure-mmHg, mean (SD) 130 (26.1) 131 (27.7) 126 (19.6) < 0.0001 3

Diastolic blood pressure-mmHg, mean (SD) 76 (15.9) 76 (16.7) 75 (12.9) 0.87 3

Body temperature- centigrade, mean (SD) 36.6 (0.8) 36.6 (0.8) 36.5 (0.5) 0.0003 4

Hemoglobin-g/dL, mean (SD) 12.4 (2.4) 12.6 (2.3) 11.8 (2.4) < 0.00001 1

White blood cells-/μL, median (IQR) 6555 (5000–9180) 6935 (5270–9863) 5575 (4180–7140) < 0.0001 1

Platelets-×104/μL, mean (SD) 20.4 (9.2) 20.2 (9.4) 20.9 (8.7) 0.13 2

Glucose-mg/dL, median (IQR) 113 (97–139) 116 (99–145) 103 (93–122) < 0.0001 28

Total protein-g/dL, mean (SD) 6.75 (0.73) 6.8 (0.7) 6.6 (0.7) 0.0002 0

Median (IQR) 6.8 (6.3–7.2) 6.9 (6.4–7.3) 6.7 (6.2–7.1) < 0.0001 0

Low total protein (<6.5 g/dL, %) 645 (28.9) 462 (26.9) 183 (35.5) 0.0002 0

Total bilirubin-mg/dL, median (IQR) 0.7 (0.5–1) 0.7 (0.5–1) 0.7 (0.5–0.9) 0.013 52

Aspartate aminotransferase-U/L, median (IQR) 22 (17–32) 22 (18–32) 22 (17–30) 0.14 0

Alanine aminotransferase-U/L, median (IQR) 17 (12–26) 17 (12–26) 17 (12–26) 0.77 0

γ-Glutamyltranspeptidase-U/L, median (IQR) 26 (16–52) 26 (16–49) 28 (17–64) 0.020 694

Lactate dehydrogenase-U/L, median (IQR) 212 (179–266) 213 (180–268) 209 (176–257) 0.21 216

Alkaline phosphatase-U/L, median (IQR) 242 (189–310) 237 (186–302) 255 (197–335) 0.0002 477

Prothrombin time-international normalized 

ratio, mean (SD)

1.1 (0.7) 1.14 (0.8) 1.05 (0.35) 0.025 468

Activated partial thromboplastin time- 

seconds, mean (SD)

31.4 (6.8) 31.5 (7.3) 31.2 (4.9) 0.43 495

Estimated glomerular filtration rate-mL/min/ 

1.73 m2, mean (SD)

68.1 (28.3) 67.7 (29.0) 69.4 (25.7) 0.22 4

Abbreviations: SD, standard deviation; IQR, interquartile range.
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Table 2 Patient Characteristics Between Patients with Low and Normal Total Protein

Variables Low TP  
(n = 639)

Normal TP  
(n = 1576)

P value

Without malignancy (n = 1719) (n = 462) (n = 1257)

Age-years, mean (SD) 74.2 (16.1) 65.3 (19.4) < 0.0001

Male, n (%) 236 (51.1) 657 (52.3) 0.66

Body mass index-kg/m2, mean (SD) 21.1 (3.8) 22.5 (3.6) < 0.0001

Systolic blood pressure-mmHg, mean (SD) 125 (28.9) 134 (26.9) < 0.0001

Diastolic blood pressure-mmHg, mean (SD) 71 (16.7) 77 (16.5) < 0.0001

Body temperature- centigrade, mean (SD) 36.7 (1.1) 36.6 (0.7) 0.53

Hemoglobin-g/dL, mean (SD) 11.1 (2.3) 13.1 (2.1) < 0.0001

White blood cells-/μL, median (IQR) 7305 (5385–10,798) 6800 (5233–9560) 0.010

Platelets-×104/μL, mean (SD) 18.9 (9.8) 20.7 (9.1) 0.0004

Glucose-mg/dL, median (IQR) 124 (99–154) 114 (99–141) 0.0079

Total bilirubin-mg/dL, median (IQR) 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.11

Aspartate aminotransferase-U/L, median (IQR) 23 (17–37) 22 (18–31) 0.24

Alanine aminotransferase-U/L, median (IQR) 16 (11–27) 17 (12–26) 0.071

γ-Glutamyltranspeptidase-U/L, median (IQR) 25 (15–57) 26 (16–47) 0.81

Lactate dehydrogenase-U/L, median (IQR) 228 (181–291) 210 (179–257) 0.0001

Alkaline phosphatase-U/L, median (IQR) 226 (174–320) 240 (188–296) 0.47

Prothrombin time-international normalized ratio, mean (SD) 1.25 (1.4) 1.10 (0.4) 0.0028

Activated partial thromboplastin time-seconds, mean (SD) 31.2 (7.2) 31.6 (7.3) 0.38

Estimated glomerular filtration rate-mL/min/1.73 m2, mean (SD) 62.1 (32.1) 69.7 (27.5) < 0.0001

Diseases potentially related to low TP, n (%) (n = 85) 33 (35.1) 61 (64.9) 0.064

Renal disease, n (%) (n = 41) 16 (39.0) 25 (61.0) 0.50

Liver disease, n (%) (n = 32) 9 (28.1) 23 (71.9)

Hypermetabolic disease, n (%) (n = 1) 1 (100) 0 (0)

Inflammatory bowel disease, n (%) (n = 7) 1 (14.3) 6 (85.7)

Burn injury, n (%) (n = 4) 2 (50.0) 2 (50.0)

Eating disorder, n (%) (n = 8) 3 (37.5) 5 (62.5)

Alcoholism, n (%) (n = 1) 1 (100) 0 (0)

With malignancy (n = 516) (n = 183) (n = 333)

Age-years, mean (SD) 68.6 (12.8) 67.5 (13.7) 0.37

Male, n (%) 111 (60.7) 186 (55.9) 0.29

Body mass index-kg/m2, mean (SD) 20.8 (3.6) 22.2 (3.7) 0.0001

Systolic blood pressure-mmHg, mean (SD) 122 (19.6) 128 (19.2) 0.0005

(Continued)
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malignancy after the adjustment for age, sex, low TP, diseases potentially related to low TP, systolic blood pressure, 
white blood cell count, and eGFR (Table 4). The interaction between low TP and the presence of malignancy was not 
significant (P = 0.23).

Discussion
We explored the association between TP value at admission and in-hospital mortality among general inpatients at 
a general hospital and found that the TP value was lower among patients with malignancy than among those without 
malignancy. The mortality at 14 days after admission was higher among patients without malignancy, while that at 30 

Table 3 Length of Hospital Stay and in-Hospital Mortality

Length of Hospital Stay, Median (IQR) P value Death, n (%) P value

All (n = 2235) 9 (5–18) 95 (4.3)

Without malignancy (n = 1719) 9 (5–18) 64 (3.7)

Low TP (n = 462) 12 (6–23) < 0.0001 37 (8.0) < 0.0001

Normal TP (n = 1257) 9 (4–16) 27 (2.2)

With malignancy (n = 516) 10 (5–20) 31 (6.0)

Low TP (n = 183) 10 (5–23) 0.77 21 (11.5) 0.0001

Normal TP (n = 333) 10 (6–17) 10 (3.0)

Abbreviations: TP, total protein; IQR, interquartile range.

Table 2 (Continued). 

Variables Low TP  
(n = 639)

Normal TP  
(n = 1576)

P value

Diastolic blood pressure-mmHg, mean (SD) 73 (12.5) 77 (12.9) 0.0012

Body temperature-centigrade, mean (SD) 36.6 (0.6) 36.5 (0.4) 0.015

Hemoglobin-g/dL, mean (SD) 10.6 (2.3) 12.5 (2.3) < 0.0001

White blood cells-/μL, median (IQR) 5340 (3990–7190) 5600 (4285–7140) 0.53

Platelets-×104/μL, mean (SD) 20.5 (9.6) 21.2 (8.2) 0.40

Glucose-mg/dL, median (IQR) 103 (91–126) 103 (95–121) 0.64

Total bilirubin-mg/dL, median (IQR) 0.7 (0.5–0.9) 0.6 (0.5–0.9) 0.65

Aspartate aminotransferase-U/L, median (IQR) 21 (16–29) 23 (17–30) 0.23

Alanine aminotransferase-U/L, median (IQR) 16 (12–23) 17 (12–26) 0.21

γ-Glutamyltranspeptidase-U/L, median (IQR) 30 (18–87) 27 (17–58) 0.19

Lactate dehydrogenase-U/L, median (IQR) 213 (175–267) 209 (176–256) 0.82

Alkaline phosphatase-U/L, median (IQR) 246 (192–370) 258 (203–326) 0.90

Prothrombin time-international normalized ratio, mean (SD) 1.10 (0.5) 1.03 (0.3) 0.054

Activated partial thromboplastin time-seconds, mean (SD) 31.0 (4.7) 31.3 (5.0) 0.50

Estimated glomerular filtration rate-mL/min/1.73 m2, mean (SD) 71.2 (33.2) 68.5 (20.4) 0.32

Abbreviations: TP, total protein; SD, standard deviation; IQR, interquartile range.
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days after admission was higher among those with malignancy. Regardless of the presence of malignancy, a lower TP 
value was associated with higher in-hospital mortality. The adjusted HR of the low TP relative to the normal TP group 
was numerically higher among patients with malignancy.

Several previous studies suggested that a lower TP was associated with poor outcomes in selected patients, such as 
the worsening of acute heart failure,10 cardiovascular mortality among chronic heart failure patients,11 and worse 
neurological recovery after endoscopic hematoma removal for intracerebral hemorrhage,6 which are findings consistent 
with the results of this study. Conversely, to our knowledge, TP levels at admission among general inpatients and the 
relationship between TP and all-cause mortality were never reported; thus, this is the first study to evaluate the 
association between low TP and mortality among general patients.

Our results showed that patients with malignancy had lower TP levels than those without malignancy. Inflammation 
generally provokes hypermetabolism, which results in the loss of protein throughout the body.12 As elevated inflammation 
and an activated futile cycle utilize large amounts of protein, lipids, and glucose, patients with an active malignancy 
frequently develop cachexia, also known as energy-wasting syndrome, which accelerates TP loss.13 The decrease in 
nutritional intake also contributes to low TP in patients with and without malignancy. In this study, among patients with 
and without malignancy, the low TP group showed a lower BMI and blood pressure. Because TP includes albumin, which 
maintains colloid osmotic pressure, a lower TP level is related to a lower blood pressure.14 Patients with low TP levels 
generally have a low BMI because BMI and TP are correlated with protein intake. In addition, lower BMI induces frailty, 
which leads to a poor prognosis,15 and patients with a lower BMI may have inflammation related to decreased TP levels.16 

Malnutrition reportedly weakens the immune system by reducing the number of T lymphocytes and antibody affinity, 
leading to insufficient T lymphocyte responses to cytokines.2 Therefore, patients with low TP levels may show lower BMI 
and blood pressure and poorer immune responses, all of which are related to higher mortality.17,18

Our study findings suggest that TP value at admission could be used for a screening to predict patient prognoses as an 
indicator of nutritional, immune, or inflammatory status and initiate therapeutic interventions. Some protein-related items 

Figure 2 In-hospital survival stratified by patients with and without malignancy. (A) Patients without malignancy. (B) Patients with malignancy.

Table 4 Hazard Ratios of the Effect of Low Total Protein on Mortality

Patients Crude HR 95% CI Adjusted HR 95% CI Interaction P value

Without malignancy 2.91 1.77–4.81 1.75 1.04–2.96 0.23

With malignancy 2.98 1.40–6.34 2.45 1.12–5.37

Abbreviations: HR, hazard ratio; CI, confidence interval.
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such as albumin, gamma gap, and albumin-globulin ratio have attracted considerable attention as indicators of patient 
prognoses;19–21 in this study, TP was also considered useful for the comprehensive assessment of patient conditions. The 
results of this study are useful for medical professionals as well as patients and their families because when patients show 
low TP values, doctors can intervene with the nutrition support team and their families can encourage patients to eat 
more and improve their nutritional status.

Several limitations inherent to the study design must be acknowledged. First, we collected data on TP values only once 
(at admission) and did not consider changes that occurred during the hospital stay. We recognize the potential variation and 
importance of follow-up of any measurements; however, many physicians used the initial data for risk stratification, and the 
primary purpose of this study was to predict the in-hospital mortality based on the TP level at admission. Moreover, we did 
not routinely measure serum albumin levels at admission. Albumin has been generally used to estimate patients’ nutritional 
status; thus, we should further investigate whether TP values can be replaced with albumin values to predict in-hospital 
mortality in the same setting. Second, we classified all patients with their primary diseases at admission into those with 
malignancy or those without malignancy. We did not take into account the history of malignancy in non-malignancy group. 
Similarly, the classification of diseases potentially related to low TP might not be accurate and such classification could be 
misclassified. However, there were no alternative ways to accurately classify the data, and some misclassifications could 
weaken the effect size if misclassification randomly occurred bidirectionally. Third, we did not include other risk score for 
general patients, such as CONtrolling NUTritional status (CONUT) score or Charlson Comorbidity Index.22,23 The 
incremental value of TP to other risk scores should be considered in the future studies. Because TP is generally measured 
routinely, the utilization of such simple measurement could be prioritized in daily clinical practice. Fourth, we did not 
evaluate other outcomes than mortality. The baseline TP might be associated with the changes in symptoms and such 
associations could be observed in some categories of diseases. The impact of TP at baseline on other outcomes should be 
challenge in clinical practice and future studies. Finally, we conducted this study at a single hospital in Japan without 
validation cohort. In addition, the length of hospital stay was relatively long. Further similar studies in different settings 
should be conducted to test the applicability of our results to general medical practice worldwide.

Conclusion
Our study revealed that a lower TP level at admission was associated with higher in-hospital all-cause mortality among 
general inpatients at general hospitals and that patients with malignancy tended to show lower TP levels at admission 
than those without malignancy, which indicates that attention should be paid to TP values to increase our understanding 
of the prognostic value of patients with different diseases.
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