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Contributing factors to the plasma albumin  

level at diagnosis of hematological malignancy 

ABSTRACT 

Objectives: 

 Many factors contribute to the plasma albumin (PA) level. We aimed to quantify different factors’ 

relative contribution to the PA level when diagnosing hematological malignancy (HM).   

Methods:  

 The study was a population-based registry study including patients with HM in a Danish region. We 

applied multivariate linear regression analyses with C-reactive protein (CRP), WHO performance score 

(WHO-PS), age, sex, comorbidity, and HM type as exposures and the PA level on the day of the HM 

diagnosis (DX) as the outcome. The relative contribution of each exposure was determined as a percentage 

of the models’ coefficient of determination (R2).            

Results: 

 In total, 2528 patients with HM had PA measured on DX. In the model comprising all exposures, CRP 

contributed with 65.8% to the R2 of 0.389 whereas 3 variables (CRP, WHO-PS, HM type) together 

contributed with 96.1%. When CRP was excluded from the model, R2 declined to 0.215 and the WHO-PS 

contributed with 96%. Other models, including separate analyses for each HM type, corroborated these 

results, except in myeloma patients where WHO-PS contributed with 61.1% to the R2 of 0.234.  

Conclusion:  

 The inflammation biomarker CRP was the main predictor of the PA level on DX. The WHO-PS also 

contributed to the PA level on DX whereas the remaining factors (HM type, age, sex, and comorbidity) were 

of much less importance.     
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Introduction 

 Various factors have an impact on the plasma albumin (PA) level. Older literature mentions liver 

failure, malnutrition, and inflammatory bowel diseases as possible causes of hypoalbuminemia [1, 2]. 

Newer studies, however, show that hypoalbuminemia is rather a marker of inflammation and endothelial 

dysfunction [3-6]. The importance of PA as a marker of inflammation has been corroborated in both clinical 

[7] and animal experiment studies [8, 9]. In contrast, few observational studies have assessed factors that 

may determine the PA level in patients. This is difficult to examine with real-life data because factors that 

influence the PA level may coexist, be influenced by each other, or by various other factors. 

 Recent studies of patients with bacteremia showed high inverse correlations between PA and C-

reactive protein (CRP) levels, both cross-sectionally and longitudinally [10, 11]. As CRP solely increases due 

to acute or chronic inflammation [12] its level is a valid marker of the inflammatory magnitude. In the 

current study we evaluate these aspects in a large population-based cohort of patients with hematological 

malignancy (HM). HM comprises a heterogeneous group of diseases with large variations in severity, which 

are correlated to both the degree of immunodeficiency and the inflammatory magnitude [13]. 

 Our primary aim was to quantify the relative contribution to the PA level on the HM diagnosis date 

(DX) from each of the following factors: the CRP level, functional performance (World Health Organization 

Performance Score [WHO-PS] [14]), body mass index (BMI), type of HM, other comorbid conditions, age, 

and sex.  
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Materials and Methods 

Setting 

 The Danish public health system has national coverage, is tax-financed, and consequently free of 

charge for the individual patient. All adult patients with HM are treated in specialized hematology 

departments in public hospitals. Geographically well-defined catchment areas for these hospitals enable 

population-based studies.       

Study cohort 

 All Danish residents have a unique and permanent civil registration number used for all health 

contacts, which enables individual level linkage between registries [15]. 

 The Danish Common Hematological Database prospectively registers clinical and patient-related 

variables for all adult patients with HM treated at hematological departments [16-21]. We retrieved all 

patients with HM treated at the Department of Haematology, Odense University Hospital, from this 

database. The study period commenced with the starting date according to the HM type. Since 2000, the 

registration of acute leukemia and lymphoma was complete. Similarly, registration of multiple myeloma 

commenced in 2005, in 2008 for chronic lymphocytic leukopenia, and in 2009 for chronic myeloid 

neoplasms. The inclusion period in our study terminated on 17 May 2017 (last update at data retrieval). 

The main variables retrieved from this database were DX, WHO-PS (not recorded for chronic myeloid 

neoplasms), and the BMI (only recorded for acute leukemia). In the WHO-PS, developed specifically for 

patients with cancer, 0 is “fully active”, 1 is “symptomatic but completely ambulatory”, 2 is “symptomatic, 

<50% in bed during the day”, 3 is “symptomatic, >50% in bed, but not bedbound”, and 4 is “bedbound, 

completely disabled” [14].      

 We linked these data to the Danish National Patient Registry (DNPR) [22], the Danish Civil Registration 

System (DCRS) [15], and biochemistry laboratory information systems (Netlab (Medasys S.A., Littau, 

Switzerland), BCC (www.cgi.dk/da), and LABKA [23]). From the DNPR we retrieved comorbidity (excluding 

HMs) from 1977 (first year of DNPR coverage) up to the patient’s HM diagnosis, as categorized by the 

Charlson Comorbidity Index (CCI) [24]. We used the DCRS to retrieve the vital status as per 24 November 

2017 (alive, dead, or emigrated, including dates of the latter two). 

Analyses of CRP and PA levels 
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 CRP was measured with an immune-turbidimetric principle and PA by use of a bromocresol green dye-

binding method. All specimen dates refer to the date of draw of blood specimens. 

Statistical analyses 

 Differences in baseline characteristics were examined between patients with and without PA 

measured on DX using contingency tables. Categorical variables were compared using the Chi-squared test 

and continuous variables by the Student’s t-test. We only included patients with PA measured on DX in the 

subsequent analyses.  

 We computed box plots of the PA level on DX, stratified by the following subgroups, all within each of 

the 5 HM types: age group (15-39, 40-64, 65-74, 75-84, 85+ years), sex, WHO-PS (0, 1, 2, 3, 4), CCI (0, 1-2, 

>2), and quartiles of the natural logarithm of the CRP level on DX (Ln(CRP0) quartile). For subgroups with 2 

levels, we compared PA on DX by the Student’s t-test. For ordinal data subgroups having ≥3 levels, we used 

an extension of the Wilcoxon rank-sum test to assess the trends of increasing or decreasing PA levels on DX 

related to these levels [25]. PA levels between the 5 HM types were compared by the Kruskal-Wallis test 

[26].  

 We performed multivariate linear regression analyses with PA on DX as the outcome and the following 

variables as exposures in the full model: HM type, age, sex, WHO-PS, CCI, Ln(CRP0). We used age and 

Ln(CRP0) as continuous variables as these were better predictors of PA on DX than their grouped 

equivalents. In addition to the full model we performed analyses with the exclusion of the HM type and 

Ln(CRP0) or WHO-PS. Finally, we performed the same linear regression analyses for each of the 5 HM types 

(except that BMI was amended for acute leukemia patients and WHO-PS was missing for chronic myeloid 

neoplasia patients). We used a leaps-and-bound algorithm to determine which predictors best predicted 

the PA level on DX [27-29]. The coefficient of determination (R2), which ranges from 0 to 1 (equivalent to 0–

100%), is a measure of how much of the variance of the PA level on DX can be predicted by an exposure.  

 For PA and Ln(CRP), Pearson’s correlation coefficient showed high collinearity between the levels on 

DX and the mean level computed from levels on D─3/D─1 and D+1/D+3. To assess the robustness of our 

results we therefore reiterated the linear regression analyses by using the mean Ln(CRP) level on D─3/D─1 

and D+1/D+3 as an exposure (instead of Ln(CRP0) and the PA level on D─3/D─1 and D+1/D+3 as the 

outcome.  

 We used Stata software, vs. 14.2, (StataCorp., College Station, TX, USA) for all analyses. A two-sided p-

value of <0.05 was considered statistically significant.          



5 
 

Ethical considerations 

 There was no direct contact to patients in the study. No approval from an ethics committee or consent 

from participants is required for registry-based studies in Denmark. Because biochemical data were from 

legal medical record data, permission was obtained from the Danish Patient Safety Authority (rec. no. 3-

3013-2019/1).  
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Results 

Patient baseline characteristics 

 There were 5561 patients with HM, of whom 2528 (45.5%) had PA measured on DX (Table 1). 

Patients with or without PA measured on DX differed in all patient baseline characteristics, except sex. 

Patients with PA measured on DX were older, had higher WHO-PS, more comorbidity, and higher 1-year 

mortality. The skewed PA measurement was very clear in patients with lymphoma. However, the omission 

of patients with lymphoma from Table 1 still rendered unequal distributions between the HM types 

(p=0.0004, data not shown). The trend of higher WHO-PS for patients with PA measured on DX could be 

biased by the missing WHO-PS for all patients with chronic myeloid neoplasms, but the distribution was still 

unequal after these were omitted (p<10-5, data not shown). The percentage of patients with CRP measured 

on DX among patients with PA on DX (94.2%) was much higher than in patients without PA on DX (7.3%), 

indicating that measurement of several parameters based on the same blood sample was performed 

frequently. 

Box plots of PA levels on DX 

 For all patients combined, a trend of lower PA levels on DX with increases in age, WHO-PS, CCI, and 

Ln(CRP0) quartile was seen (all p-values were <10-5) (Figure 1). The PA level on DX was lower in males 

(p=0.01) as well as in patients who died within the first year following the HM diagnosis (p<10-5). The PA 

level also differed between the HM types (p=10-4). 

 Within each of the 5 HM types, the trend was the same for age groups (all p-values were ≤10-3), 

WHO-PS (all p-values were ≤0.0002), CCI (all p-values were ≤0.01), and Ln(CRP0) quartile (all p-values were 

<10-5) (Figure 1). The lower PA level on DX in males was only seen for patients with chronic myeloid 

neoplasms (p=0.0003) and myeloma (p=0.01). Among the patients who died within the first year, the lower 

PA level on DX was seen for all HM types (all p-values were ≤0.01). 

Linear regression analyses across HM types 

 The full model (with all 6 variables) yielded the highest R2 of 0.389, which means that 38.9% of the 

variation of PA on DX could be explained by this model (Table 2). Ln(CRP0) contributed with 65.8% of the 

full model’s R2 and was the best predictor among the 6 variables.  
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 When the HM type was omitted from the full model, R2 declined to 0.357 and Ln(CRP0) increased its 

contribution to 71.7% (Table 2). We saw similar results, but with a higher contribution from Ln(CRP0) 

(82.8%), with the omission of the WHO-PS from the full model.    

 Models without Ln(CRP0) had the lowest R2 (≈0.215) and the WHO-PS contributed with >95% (Table 

2). WH0-PS was also the second most contributing variable in the full model (21.3%) and in the full model 

without the HM type (23.2%) (data not shown).  

 The 3 variables that contributed most to the variation in PA level on DX accounted for a combined 

96.1% of R2 in the full model and ≥99.4% in the other 5 models (Table 2). 

Linear regression analyses for the individual HM types 

 For the individual HM types, R2 ranged from 0.196 (chronic lymphocytic leukopenia, myeloma) to 

0.441 (acute leukemia) and the 3 most important variables could explain virtually 100% of the variation of 

PA on DX (Table 3). The 3 most important variables were Ln(CRP0)/WHO-PS/age for acute leukemia, 

chronic lymphocytic leukemia, and lymphoma patients, Ln(CRP0)/age/and sex for chronic myeloid 

neoplasia patients, and WHO-PS/Ln(CRP0)/sex for myeloma patients. For all HM types, except myeloma, 

Ln(CRP0) contributed with 73.9-86.2% of the models’ R2. Myeloma was an exception, as WHO-PS was the 

most important variable, contributing with 61.1% of the variation. BMI was only recorded for patients with 

acute leukemia, but its impact on the variation of PA on DX was of no importance because the 3 most 

important variables explained 100% of the R2.  

 The other models of Table 2 comprising 4 or 5 variables were also tested for the individual HM types, 

but there were no clear differences from the overall results depicted in Table 2, except that the WHO-PS 

was also the most explanatory variable for PA levels in patients with myeloma (data not shown). 

Robustness of analyses 

 Among the 2528 patients with PA on DX, 1087 (43.0%) also had both CRP and PA measured on one or 

more of the days D─3, D─2, D─1, D+1, D+2, or D+3. The mean PA level, computed from all measured PA 

levels on these days, was highly correlated with PA on DX (R=0.88, p<10-5) and the same applied to the CRP 

measurements (R=0.91, p<10-5) (Figure S1). The inclusion of patients without PA measured on DX (n=3033, 

Table 1) only added 186 patients (6.1%) with PA measured on one or more of the days D─3, D─2, D─1, D+1, 

D+2, or D+3. Considering the mean PA on D─3/D─2/D─1/D+1/D+2/D+3 as the outcome, the mean Ln(CRP) 

on D─3, D─2, D─1, D+1, D+2, or D+3 was the variable that contributed most to the full model’s R2 of 0.365, 

but its contribution declined to 46.8% (data not shown). The 3 variables Ln(CRP) on D─3, D─2, D─1, D+1, 
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D+2, or D+3, HM type, and WHO-PS explained 94.8% of the variation of the mean PA on days D─3/D─1, 

D+1/D+3 (data not shown). 
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Discussion 

 We found that variations in the PA levels on the date of the hematological malignancy diagnosis were 

best described by the corresponding CRP level. CRP can be interpreted as a gold standard marker of the 

inflammatory magnitude which only rises due to inflammation [12].   

 In contrast, age, sex, previous comorbidity, or BMI [30] made almost no contribution to the PA level 

on DX. The CCI covers most of the common chronic conditions (such as malignancy, cardiovascular 

disorders, or diabetes mellitus) [24], many of which have inflammation in their pathophysiology [31-35]. 

Other reasons for the minor contribution of the CCI besides the conditions themselves may be long time 

spans between the diagnosis of the disease (starting from 1977) and the diagnosis of HM. Furthermore, 

some CCI subgroups may contribute more than others. A recent review of 63 studies of calorically restricted 

patients without concurrent inflammation showed that these patients had normal PA levels [5]. This is in 

line with our findings that BMI contributed very little to the DX PA level in patients with acute leukemia. 

 Although the WHO-PS is subjective and therefore prone to inter-observer variability [36] it has 

proven useful in the assessment of the patient’s suitability to undergo systemic cancer therapy [37]. As we 

had no assessment of the WHO-PS before DX it is difficult to know to what degree it indicated previous or 

current functional status. The distribution of the WHO-PS differed between HM types, e.g. 18.4% of the 

patients with acute leukemia, but 78.6% of the patients with chronic lymphocytic leukemia, had a WHO-PS 

of 0 (data not shown). These differences probably reflect the severity and the natural history of the HM 

type itself. Moreover, the CRP level on DX was positively correlated to the WHO-PS (data not shown) and 

each of these two variables contributed considerably to the variation in the PA level on DX when the other 

was omitted from the model (Table 2). Our results indicate that the WHO-PS is influenced by the degree of 

inflammation that the condition and its immediate complications evoke. 

 In general, the HM type did not contribute substantially to the variation of the PA level on DX (16.7% 

in the full model, 7.2% in the full model without WHO-PS, data not shown). Separate analyses for each type 

of HM generally corroborated the overall results (Table 3). An exception was patients with myeloma in 

whom the WHO-PS contributed more to the DX PA level variation than the CRP level. This could be related 

to specific complications of myeloma, including the role of C-reactive protein in actively promoting bone 

destruction in these patients [38]. 

 To get an indication of whether special conditions were related to DX we reiterated the analyses for 

the mean CRP and PA levels during the 3 days before and after DX. The very similar results to those of the 

DX analyses corroborated the robustness of our results. Moreover, DX is to some extent “arbitrary” as the 
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HM commenced weeks, months, or even years before the registered diagnosis date, since some HMs have 

an insidious course with unspecific symptoms. 

 Hypoalbuminemia is a strong predictor of an adverse outcome, which has been reported for 

numerous diseases and patient groups [3, 39] and our data were no exception (Figure 1). Consequently, 

plasma albumin (PA) levels have been incorporated in prognostic indices such as the APACHE III Score [40], 

the C-reactive protein (CRP)/PA ratio [41], or the Glasgow Prognostic Score, also based on CRP and PA [42]. 

Among the HM types, PA has been incorporated in the International Staging System for Myeloma [43], but 

PA is not part of other prognostic HM indices. Fewer studies have tried to assess the reasons for lower PA 

levels. A number of studies, most in dialysis patients [44-51], showed inverse correlations between the 

levels of PA and acute phase proteins whereas weaker correlations between the PA levels and nutritional 

factors were identified in the studies that comprised the latter [44, 46-49].    

 To our knowledge, the current and a recent study by our research group [11] are the first to have 

comparatively quantified the contribution of factors known to be associated with PA levels. We found that 

the CRP level was the main contributor to the PA level ±30 days in relation to an episode of community-

acquired bacteremia [11]. We speculate that the mechanisms behind this can be extrapolated to other 

patient groups besides patients with HM or bacteremia, although this cannot be validated in our 

hypothesis-generating observational studies. Our results are clinically important for the interpretation of 

PA levels, which are routine clinical measures: if the CRP level is the factor that mainly determines 

hypoalbuminemia, the clinician can focus on inflammation, which is potentially modifiable. In contrast, if 

factors such as age or chronic diseases are the main determinants of the PA level there is less room for the 

clinician to intervene if the patient has hypoalbuminemia. Our results for BMI in acute leukemia patients 

also indicate that the PA level is not suitable for the evaluation of the nutritional status, which is in line with 

several reviews [3-6].    

 Our study includes a high number of patients and specimens, it is population-based, and the data are 

generally considered valid. The DCRS has almost 100% accuracy pertaining to the vital status [15], positive 

predictive values ranging from 82.0% to 100.0% for CCI diagnoses in the DNPR have been reported [52], 

and the HM databases have almost 100% completeness [18-21, 53, 54]. We used PA data as a continuous 

variable, in contrast to many studies that dichotomized the PA level into hypo- or normoalbuminemia, 

which may introduce residual confounding and also hampers the investigation of factors that may 

determine the PA level.  
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 There are also limitations to our study. Firstly, even in the full model our variables could explain only 

38.9% of the PA level variation, which indicates that unmeasured factors would optimize the model. It is, 

however, unrealistic to accomplish 100% contribution as more variables will inevitably be mutually 

correlated, a phenomenon that we already identified for CRP and WHO-PS where their contribution 

increased considerably when the other variable was omitted from the model. Secondly, the study 

evaluated cross-sectional data only. However, the evaluation of CRP and PA levels longitudinally in 

bacteremia patients [10, 11] and the analyses comprising the days before and after DX showed similar 

results. Thirdly, the CCI and WHO-PS are rather crude measures of comorbidity and functional 

performance. More refined scoring systems or detailed analyses of individual CCI diagnoses and their time 

span prior to the HM diagnoses may further elucidate such predisposition factors and we will explore that 

in future studies. Fourthly, although the study was population-based the specimens were retrieved 

primarily from frailer patients (Table 1). Fifthly, we only had BMI data for patients with acute leukemia and 

WHO-PS was not recorded for patients with chronic myeloid neoplasia. 

 In conclusion, CRP as a marker of inflammation and the WHO-PS as an index of the functional 

performance were the factors that contributed most to the variation in PA level at the HM diagnosis. 

Predisposition factors (age, sex, previous comorbidity, BMI) had very little impact on the PA level. Our 

results indicate that PA is an acute phase reactant biomarker. 
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Table 1: Patient baseline characteristics (n = 5561) 

Parameter 
Plasma albumin  
measured on diagnosis date p-value 

Yes (n = 2528) No (n = 3033)  
Age (mean, sd) 67.7, 14.2 64.3, 16.5 <10-5  
Females 1099 (43.5)1 1306 (43.1) 0.76 
Hematological malignancy   <10-5 

   Acute leukemia   611 (24.2)   364 (12.0)  
   Chronic lymphocytic leukemia   271 (10.7)   114   (3.8)  
   Lymphoma   622 (24.6) 2097 (69.1)  
   Chronic myeloid neoplasm   364 (14.4)   191   (6.3)  
   Myeloma   660 (26.1)   267   (8.8)  
WHO performance score   <10-5 
   0 (fully active)   776 (30.7) 1396 (46.0)  
   1 (symptomatic, completely ambulatory)   844 (33.4)   921 (30.4)  
   2 (symptomatic, <50% in bed during the day)   260 (10.3)   251   (8.3)  
   3 (symptomatic, >50% in bed, not bedbound)   171   (6.8)   147   (4.9)  
   4 (bedbound, completely disabled)      91    (3.6)     62    (2.0)  
   Unknown2   386 (15.3)   256   (8.4)  
Charlson comorbidity index   0.02 
   0 1260 (49.8) 1608 (53.0)  
   1-2   853 (33.7)   996 (32.8)  
   >2   415 (16.4)   429 (14.1)  
CRP3 measured on diagnosis date    <10-5  
   Yes 2381 (94.2)   221   (7.3)  
   No   147   (5.8) 2812 (92.7)  
Deceased 1st year following diagnosis   <10-5  
   Yes   619 (24.5)   562 (18.5)  
   No 1834 (72.6) 2420 (79.8)    
   Unknown4     75   (3.0)     51   (1.7)  
1 No. (%) 
2 555/642 unknown (86.4%) were for chronic myeloid neoplasm (not recorded in The Danish National 
Chronic Myeloid Neoplasia Registry) 
3 C-reactive protein  
4 Diagnosed <365 days before 24/11-2017 (last vital status update) on which they were alive (n = 123)  
or emigrated <365 days after their diagnosis date (n = 3)  
 



Figure captions 

Figure 1: Box plots of plasma albumin levels on the day of diagnosis (DX) of hematological malignancy, 

divided into type of hematological malignancy (AL = acute leukemia; CLL = chronic lymphocytic leukemia; 

CMN =  chronic myeloid neoplasm; LYFO = lymphoma; MM = multiple myeloma). Box plots (clockwise) for 

age groups (15-39, 40-64, 65-74, 75-84, 85+ y), Charlson comorbidity index (0, 1-2, >2), dead within 1 year, 

quartile of the natural logarithm of the C-reactive protein level on DX, WHO performance score (0, 1, 2, 3, 

4), sex (F = female; M = male). 
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Table 2: Linear regression analyses with the plasma albumin level on the day of diagnosis of hematological  
malignancy (DX) as outcome: validation of best model and contribution of independent variables 

Model (number of variables) Number of 
patients R2, whole model Variable selection 

1st variable First 3 variables 
CRP, WHO, age, sex, CCI, HM (6) 1848 0.389 CRP (65.8)1 CRP/WHO/HM   (96.1)1 

CRP, WHO, age, sex, CCI         (5) 1848 0.357 CRP (71.7) CRP/WHO/age   (99.7) 
CRP,            age, sex, CCI, HM (5) 2170 0.332 CRP (82.8) CRP/HM/age      (99.4) 
         WHO, age, sex, CCI, HM (5) 2142 0.215 WHO (95.8) WHO/age/sex    (99.5) 
CRP,            age, sex, CCI          (4) 2170 0.308 CRP (89.3) CRP/age/CCI      (99.7) 
         WHO, age, sex, CCI         (4) 2142 0.214 WHO (96.3) WHO/age/sex    (100) 
Abbreviations: R2 = Coefficient of determination; CRP = natural logarithm to C-reactive protein on DX;  
WHO = WHO performance score; CCI = Charlson comorbidity index; HM = hematological malignancy type 
1 Name of variable(s) (% contribution to R2 for the whole model)   
 



Table 3: Linear regression analyses within each type of hematological malignancy, with the plasma albumin level on the day of diagnosis of 
hematological malignancy (DX) as outcome: validation of best model and contribution of independent variables 

Model Number of 
patients 

R2, whole 
model 

Variable selection 

1st variable First 3 variables 
CRP, WHO, age, sex, CCI, BMI:  acute leukemia patients 559 0.441 CRP (73.9)1 CRP/WHO/age (100)1 

CRP, WHO, age, sex, CCI: chronic lymphocytic leukemia patients 214 0.196 CRP (77.0) CRP/age/WHO (100) 
CRP, WHO, age, sex, CCI: lymphoma patients 519 0.426 CRP (74.9) CRP/WHO/age (99.5) 
CRP, age, sex, CCI: chronic myeloid neoplasia patients 300 0.333 CRP (86.2) CRP/age/sex (100) 
CRP, WHO, age, sex, CCI: myeloma patients 556 0.234 WHO (61.1) WHO/CRP/sex (97.0) 
Abbreviations: R2 = Coefficient of determination; CRP = natural logarithm of the C-reactive protein level on DX; WHO = WHO  
performance score; CCI = Charlson comorbidity index; BMI = body mass index  
1 Name of variable(s) (% contribution to R2 for the whole model)  



Figure caption, supplementary figure 

Figure S1 

Scatter plots of the plasma albumin (PA) level on the day of diagnosis (DX) of hematological malignancy vs. 

mean PA level among D─3/D─2/D─1/D+1/D+2/D+3 (upper panel) and of the natural logarithm of the C-

reactive protein (log(CRP)) level on DX vs. mean log(CRP) level among D─3/D─2/D─1/D+1/D+2/D+3 (lower 

panel).      
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