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The role of albumin-to-globulin ratio in undifferentiated arthritis: 
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ABSTRACT

Objectives: This study aims to compare initial albumin-to-globulin ratio (AGR) in patients with rheumatoid arthritis (RA) and primary Sjögren 
syndrome (pSS) presenting with undifferentiated arthritis (UA) and to investigate whether there was a difference in terms of AGR between the two 
patient groups and healthy controls.
Patients and methods: Between January 2019 and December 2019, a total of 177 patients including 96 RA (10 males, 86 females; 
mean age: 53.6±10.8 years; range, 21 to 74 years) and 81 pSS (5 males, 76 females; mean age: 53.2±14.1 years; range, 23 to 79 years) and 
82 healthy controls (20 males, 62 females; mean age: 50.5±13.6 years; range, 20 to 79 years) were included in this case-control study. Demographic 
characteristics, albumin, and globulin levels of all participants were recorded. The AGR, erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), rheumatoid factor (RF), anti-nuclear antibody (ANA), and anti-citrullinated protein antibodies (ACPA) were assessed.
Results: The mean AGR was 1.50±0.16 in the control group, 1.48±0.24 in the RA group, and 1.30±0.23 in the pSS group, indicating a significant 
difference between the pSS and the other two groups (p<0.001). The receiver operating characteristic analysis revealed that the cut-off value for AGR 
was 1.39 (area under the curve=0.736) with a sensitivity of 0.642 and a specificity of 0.646 (p<0.001). The ESR and CRP values were higher (p<0.001), 
and ANA (p<0.001) and RF (p=0.003) positivity were lower in the RA group, compared to the pSS group.
Conclusion: This study findings indicate that AGR is a helpful tool in the differential diagnosis of RA and pSS presenting with UA at the time of 
admission, and Sjögren syndrome should be considered in case of AGR ≤1.39.
Keywords: Albumin-to-globulin ratio, primary Sjögren syndrome, rheumatoid arthritis, undifferentiated arthritis.

Undifferentiated arthritis (UA) is an umbrella 
term of early inflammatory arthritis that does not 
meet the diagnostic or classification criteria of 
any certain disease. Patients presenting with UA 
may be suffered from mono/oligo- or polyarticular 
arthritis and are usually in the first several weeks 
to months of symptom duration. Undifferentiated 
arthritis may have different outcomes such as a 
definite rheumatic disease, a self-limited arthritis 
or remains as UA. Most of the polyarticular 
involvements progressed to rheumatoid arthritis 

(RA).1,2 In other forms of polyarthritis such as 
systemic lupus erythematosus, dermatomyositis/
polymyositis, systemic sclerosis and psoriatic 
arthritis, extraarticular findings are prevalent and 
many clues to the diagnosis are seen in the early 
period.3

Rheumatoid arthritis and primary Sjögren 
syndrome (pSS), which are common connective 
tissue diseases, may share many clinical features. 
The latter is a chronic systemic autoimmune 
disorder that usually affects women aged 
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40 to 60 years. Lymphocytic infiltration of 
salivary, lacrimal, and other exocrine glands is 
typical and extraglandular involvement may also 
occur. Before clinical pSS is clearly evident, 
early signs are non-specific and usually include 
arthralgia-arthritis, fatigue, and dry eyes and/or 
mouth.4 In pSS, articular manifestations usually 
present as symmetric polysynovitis mimicking 
RA; unfortunately, the presence of erosion is 
the only definitive differential diagnostic sign.5 
Since these two entities have different courses 
and outcomes, differential diagnosis in the early 
period is crucial.

Albumin is synthesized in the liver and 
constitutes almost more than half of serum 
proteins. It provides 70% of the intravascular 
colloid osmotic pressure and acts as a transporter 
for many hormones, bilirubin, and medications. 
Moreover, it reflects nutritional status and is a 
negative acute phase reactant.6 Globulins include 
numerous serum proteins such as enzymes, 
complementary proteins and immunoglobulins, 
and have an important role in the inflammation 
cascade, indicating the level of circulating 
immunoglobulins.6 There are many conditions such 
as dehydration, inflammation, and malnutrition 
that affect albumin and globulin levels. The 
albumin-to-globulin ratio (AGR), calculated as 
AGR=albumin/globulin, has been extensively 
studied for cancer survival and prognosis, and 
also studied in cardiovascular diseases. Lower 
AGR has been found to be significantly associated 
with poor outcomes.7,8 The AGR has not been a 
well-studied variable in rheumatic diseases. In an 
earlier study, it was found to be a predictor of the 
clinical stages of sarcoidosis.9

In the present study, we aimed to compare 
initial AGR in the patients with RA and pSS 
presenting with UA and to investigate whether 
there was a difference in terms of AGR between 
the two patient groups.

PATIENTS AND METHODS

This single center, case-control study was 
conducted at Adnan Menderes University Faculty 
of Medicine, Department of Rheumatology 
between January 2019 and December 2019. 
The patients with early/UA who fulfilled the RA 
or pSS classification criteria of American College 

of Rheumatology/European League Against 
Rheumatism (ACR/EULAR) criteria and followed 
for two years were included. The control group 
consisted of age-matched healthy individuals. 
The diagnosis of RA was made based on the 
2010 ACR classification criteria,10 while the 
diagnosis of pSS was made based on the 2016 
ACR/EULAR criteria.11 Patients under the age 
of 20 or over 79 years, patients with a history of 
infection or malignancy, kidney and liver failure, 
uncontrolled metabolic disease, proven chronic 
inflammatory disease previously, and patients 
using steroid at a dose of >10 mg/day within the 
past four weeks were excluded from the study. 
Finally, a total of 177 patients including 96 RA 
(10 males, 86 females; mean age: 53.6±10.8 
years; range, 21 to 74 years) and 81 pSS 
(5 males, 76 females; mean age: 53.2±14.1 
years; range, 20 to 79 years) and 82 healthy 
controls (20 males, 62 females; mean age: 
50.5±13.6 years; range, 23 to 79 years) were 
included in the study.

The differential diagnosis was made by 
evaluating the erosive changes of the disease 
on direct radiographs during follow-up. All 
participants’ laboratory tests were assessed 
in venous blood samples, and blood samples 
were drawn between 9:00 AM and 11:00 
AM following an 8-h overnight fasting. 
Total protein and albumin were measured 
spectrophotometrically (Abbott Architect® Plus 
ci16200; Abbott Park, IL, USA). Serum globulin 
was measured as the difference between 
serum total protein and serum albumin. Data 
including demographic characteristics, physical 
examination, history of drug use, total protein, 
albumin, and globulin levels of both the patients 
and healthy controls were obtained from medical 
records. Erythrocyte sedimentation rate (ESR), 
C-reactive protein (CRP), symptom duration, 
and number and pattern of joints affected 
at the time of presentation12 were assessed. 
Rheumatoid factor (RF), anti-nuclear antibody 
(ANA), and anti-citrullinated protein antibodies 
(ACPA) of the RA and pSS patients were noted. 
The AGR was calculated as serum albumin/
(total protein-albumin).

Statistical analysis

Statistical analysis was performed 
using the SPSS version 17.0 for Windows 
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(SPSS Inc., Chicago, IL, USA). Descriptive 
data were expressed in mean ± standard 
deviation (SD), median (min-max) or number 
and frequency. The Kolmogorov-Smirnov test 
was used to assess the normality of numeric 
variables. For the numerical variables that 
were normally distributed, comparison among 
groups was performed with analysis of variance 
(ANOVA). For the numerical variables that were 
not normally distributed, comparison between 
the groups was performed using the Kruskal-
Wallis test and the Mann-Whitney U test. 
In case of a difference between the groups, 
the Bonferroni post-hoc test was applied to 
determine which group caused the difference. 
Comparison of qualitative data was performed 
using the chi-square test. The receiver operating 
characteristic (ROC) curves were plotted to 
estimate the optimal cut-off value, as well as the 
sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) for 
AGR. The correlation between the ESR, CRP, 
age and AGR was analyzed using the Spearman 
correlation (rho) analysis. Accordingly, a value 
of rho 0.0 to 0.19 was accepted as very weak, 
0.2 to 0.39 as weak, 0.4 to 0.59 as moderate, 
0.6 to 0.79 as strong, and 0.80 to 1.0 as very 
strong.13 A p value of <0.05 was considered 
statistically significant.

RESULTS

A total of 177 patients with RA or pSS and 82 
healthy controls were included in the study. There 
was no statistically significant difference among 
the three groups in terms of age (p=0.233). 
However, the number of male patients was 
statistically significantly higher in the control 
group (p=0.001), while no significant difference 
was observed between the RA and pSS groups 
(p=0.231) (Table 1).

The inter-group analysis for albumin showed 
a significant difference between the control 
and the other two groups (p=0.001); however, 
no significant difference was found between 
the RA and pSS groups. The inter-group 
analysis for globulin showed a significant 
difference between the pSS and the other 
two groups (p<0.001), while there was no 
significant difference between the control and 
RA groups. The mean AGR was 1.50±0.16 
in healthy controls, 1.48±0.24 in RA group, 
and 1.30±0.23 in pSS group, indicating a 
statistically significant difference among the 
groups (p<0.001). In the post-hoc analysis, 
pSS was significantly different from the control 
group (p<0.001) and RA group (p<0.001) 
(Table 2).

Table 1. Demographic and clinical characteristics of RA and pSS patients

RA patients (n=96) pSS patients (n=81)

n % Mean±SD Median Min-Max n % Mean±SD Median Min-Max p*

Age (year) 53.6±10.8 53.2±14.1 0.978

Sex
Male
Female

10
86

10.5
89.5

5
76

6.2
93.8

0.231

Symptom duration (week) 14 3-46 17 3-43 0.326

Number of joints
1-3
4-10
>10

70
20
6

72.9
20.8
6.3

63
14
4

77.8
17.3
4.9

0.474

Pattern of joints
Upper symmetric
Lower symmetric
Upper asymmetric
Lower asymmetric
Upper and low

54
6

29
2
5

56.25
6.25
30.2
2.1
5.2

45
9
22
1
4

55.6
11.1
27.2
1.2
4.9

0.783

RA: Rheumatoid arthritis; pSS: Primary Sjögren syndrome; * Chi-square test and Mann-Whitney U test.
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In the ROC analysis, the area under curve 
(AUC) of AGR for UA progressed to pSS was 
0.736 with a confidence interval (CI) of 0.668-
0.804, and the cut-off value was 1.39 (p<0.001) 
with a sensitivity of 64.2%, specificity of 64.6%, 
PPV of 55%, and NPV of 80% (Figure 1).

The mean symptom duration, and the number 
and pattern of joints involved were similar in 
RA and pSS patients (Table 1). However, the 
median ESR and CRP values were significantly 
higher in RA patients compared to the pSS group 
(p<0.001). Autoantibody positivity ratio was found 
to be different between the two groups, except for 
ACPA. The RF positivity was 8.3% and 24.7% in 
RA and pSS groups, respectively (p=0.03). The 
ANA positivity was 20.8% and 63% in RA and 
pSS groups, respectively (p<0.001). The ACPA 
positivity was similar and all was in the low titers 
in both groups. Serological parameters of RA and 
pSS patients are shown in Table 3.

Table 2. Inter-group comparison of baseline albumin, globulin, and AGR

RA patients (n=96) pSS patients (n=81) Healthy controls (n=82)

n Median Min-Max Median Min-Max Median Min-Max p*

Albumin 259 4.1 3.5-4.8 4.2 3.4-4.8 4.3b 3.7-4.9† 0.001

Globulin 259 2.84 0.45 3.27‡ 0.52 2.8 2.3-3.6 <0.001

AGR 259 1.48 0.24 1.3¶ 0.23 1.5 0.16 <0.001

RA: Rheumatoid arthritis; pSS: Primary Sjögren syndrome; AGR: Albumin-to-globulin ratio; * One-way analysis of variance and 
Kruskal-Wallis test; † Control group was significantly different from the pSS (p=0.026) and RA (p=0.001) groups; ‡ pSS  group 
was significantly different from the control (p<0.001) and  RA (p<0.001) groups; ¶ pSS group was significantly different from the 
control (p<0.001) and RA (p<0.001) groups.

Table 3. Serological parameters between RA and pSS groups

RA patients (n=96) pSS patients (n=81)

n % Median Min-Max n % Median Min-Max p*

ESR (mm/h) 38 4-87 24 3-91 <0.001

CRP (mg/dL) 9.2 0.4-63.6 2 0.6-62 <0.001

RF positivity 8 8.3 20 24.7 0.003

ACPA positivity 6 6.3 5 6.2 0.617

ANA positivity 20 20.8 51 63 <0.001

RA: Rheumatoid arthritis; pSS: Primary Sjögren syndrome; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; RF: Rheumatoid 
factor; ACPA: Anti-citrullinated protein antibody; ANA: Anti-nuclear antibody; * Chi-square test and Mann-Whitney U test.

Figure 1. Receiver operating characteristic analysis 
of albumin-to-globulin ratio for undifferentiated arthritis 
progressed to primary Sjögren syndrome. Area under 
curve (AUC) and 95% confidence interval (CI) are indicated. 
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According to the correlation analysis, the 
AGR was negatively correlated with the ESR 
(rho=-0.15, p=0.04), but positively correlated 
with ESR and CRP (rho=0.42, p<0.001). There 
was no significant correlation between the age 
and AGR, CRP, AGR.

DISCUSSION

In the rheumatology practice, it may be a 
challenge to differentiate the diagnosis of the 
patients, particularly of those presenting with 
similar symptoms originating from different 
diseases. Biomarkers play an important role 
in diagnosis and determining the prognosis of 
diseases; however, there is no specific marker 
available for any rheumatic disease. In the present 
study, we found a significant difference between 
the two patient groups in terms of baseline 
AGR. Pre-treatment AGR is widely used to 
evaluate cancer survival rate and prognosis.7 
A meta-analysis evaluating 28 studies involving 
15,356 cancer patients found that cancer patients 
with low pre-treatment AGR had a decreased 
survival rate and an increased rate of cancer 
recurrence or progression.7 Furthermore, AGR 
was evaluated in heart failure with reduced 
ejection fraction in terms of prognosis, and lower 
AGR was associated with 90-day and one-year 
mortality rates.8 

Albumin and globulin levels can be affected 
from many diseases and conditions such as liver 
diseases, infections, and dehydration.6 Changes 
in AGR in oncological patients have usually 
been suggested to associate with host-related 
factors such as malnutrition and cachexia, which 
decrease albumin levels, and with hematological 
malignancies that can increase globulin.8 
Albumin is a negative acute phase reactant, and 
fluid redistribution that affects plasma albumin 
levels has been proposed to be partly implicated 
in the underlying mechanism of changes in AGR 
in heart failure.7 On the other hand, AGR has 
not been well studied in rheumatic diseases so 
far, and there is only one study investigating 
AGR in rheumatic diseases in the literature. 
Nandedkar et al.9 found AGR to be correlated 
with the clinical stages of sarcoidosis. They 
divided patients according to their clinical stages 
as Stage I, Stage II, and Stage III. The AGR 

varied between the stages with a significant 
difference, and lower AGR was correlated with 
the advanced clinical stages of sarcoidosis. In our 
study, lower AGR was found to be a predictor of 
UA progressing to pSS. 

Although RA and pSS may emerge with a 
similar clinical presentation, there are certain 
differences in the immunogenetic pathogenesis. 
Chronic inflammatory processes in autoimmune 
diseases, including RA and pSS, may cause 
polyclonal increase in immunoglobulin levels. 
Nevertheless, pSS presents a fundamental 
prototype of autoimmune diseases in which CD4+ 
T and B lymphocytes play the main role.14,15 
Production of autoantibodies in pSS is the hallmark 
of the disease. Autoantibodies against Ro/SSA 
and La/SSB antigens, which are most commonly 
identified in pSS, are rarely detected in patients 
with RA and in patients with SS secondary to 
RA.4,14,15 Therefore, hypergammaglobulinemia is 
a rather common finding in pSS.16 In the light 
of these data, we believe that lower AGR in UA 
patients who progress to pSS is related to these 
pathogenetic mechanisms.

Rheumatoid factor may be present in many 
autoimmune conditions, lymphoproliferative 
diseases, and infections. Additionally, RF positivity 
has a similar frequency in both RA and pSS and 
can be detected up to 60 to 70% of cases.17 In our 
study, patients with UA who progressed to RA 
mostly remained seronegative and, thus, the pSS 
patients more frequently exhibited RF positivity. 
In a study showing that most UA patients were 
finally classified as RA, the RF and/or ACPA 
positivity in UA patients was found to be 10%.12 
It is well known that ACPA is highly specific for 
RA; in contrast, ACPA positivity rate in pSS is 
only 5 to 10%18,19 that is considered to be a risk 
factor for the development of synovitis in pSS and 
progression to RA.5,20 In our study, the ACPA 
positivity rate was similar in both groups: all 
were at low titers and no pSS patient with ACPA 
developed RA.

In our study, joint involvements were mostly 
in the upper extremities and were usually 
symmetrical. In an early arthritis cohort with 
776 patients, 76% of patients had upper extremity 
involvement, mostly in the hands, and 48% had 
symmetrical joint involvement,12 consistent with 
our study. Acute phase reactants were also 
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found to be significantly higher in RA patients at 
baseline. In a study investigating the risk factors 
of developing RA in patients with ACPA-positive 
pSS, the only variable was the elevation of the 
baseline acute phase reactants.5 The authors 
considered that patients initially diagnosed with 
pSS might have RA-associated SS. In some 
studies comparing the clinical characteristics of 
seronegative and seropositive RA patients, those 
with seronegative disease were found to have 
a higher disease activity at baseline.21,22 These 
results were attributed to the fact that the number 
of joints involved in seronegative disease were 
higher compared to seropositive disease, which 
requires to fulfill the 2010 classification criteria 
of RA. In our study, it was unclear why there was 
a difference in the baseline acute phase values 
between RA and pSS patients presenting with 
UA; however, it can be due to synovitis in other 
joints that are not clinically overt or to subclinical 
erosive disease.

An increase in plasma proteins, such as 
fibrinogen and globulins, causes elevated ESR.23 
A decline in AGR is expected in patients having 
elevated globulin levels. Consistently, AGR was 
negatively correlated with ESR in our study.

There are some limitations to this study. Given 
the retrospective nature of the study, clinical 
outcomes of all our UA patients were unable to 
be evaluated. As the main clinical considerations 
in this study were connective tissue diseases, we 
only included RA and pSS that cause the most 
confusion and can be misdiagnosed in clinical 
practice. In addition, we were unable to evaluate 
all patients in the early period with imaging 
methods such as ultrasonography or magnetic 
resonance imaging and, thus, a UA patient with 
an uncertain joint involvement might have been 
classified as RA or another disease.

In conclusion, patients presenting with similar 
symptoms, particularly who have seronegative 
disease or low-titer antibody positivity, AGR may 
be a helpful tool in the differential diagnosis of RA 
and pSS. An AGR of ≤1.39 may be suggestive 
of the presence of SS and, therefore, this may 
guide the management of the diseases in the early 
period. We believe that AGR may be also used as 
a prognostic and predictive marker in rheumatic 
diseases. As in UA progression, it also may be 
useful in certain rheumatic disease for predicting 

the course of the disease, whether there would be 
systemic involvement. Nevertheless, further large-
scale, prospective, randomized-clinical studies 
are needed to draw reliable conclusions on this 
subject.
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