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Objective: To determine the prevalence of hypocomplementemia in primary Sjogren’s 
syndrome (pSS) patients and compare the clinical characteristics of patients with and without 
hypocomplementemia.
Methods: A retrospective study was conducted in 120 treatment-naive Chinese patients that 
met the 2012 American College of Rheumatology Classification Criteria for pSS and were 
followed up for 3 to 24 months. Based on the complement results, patients were divided into 
four groups: only low C3, only low C4, both low C3 and C4 (double low), normal group. The 
data on patient demographics, clinical manifestations, laboratory results, disease activity and 
pharmacologic therapy were collected and compared among the four groups.
Results: The prevalence of only low C3, only low C4, both low C3 and C4 in pSS 
patients was 21.7%, 16.7%, and 10%, respectively. The mean age of the four groups was 
significantly different. Unlike rampant caries and parotitis, the prevalence of dry eyes and 
dry mouth differed among the four groups. The proportion of patients with anemia, 
leukocytopenia, lymphadenopathy, hematological involvement and fatigue was signifi
cantly higher in the double low group and lower in the normal complement group. The 
proportion of patients with increased serum IgG was higher in the only low C4 group 
than in the other groups. Logistic regression revealed that hypocomplementemia was an 
independent risk factor for lymphadenopathy and leukopenia. The double low group had 
a significant history of exposure to glucocorticoids and cyclophosphamide, compared 
with other groups.
Conclusion: Our study found that the clinical characteristics of pSS patients with hypo
complementemia differed from those without hypocomplementemia. Hypocomplementemia 
in pSS was associated with hematological involvement, hyper-IgG, lymphadenopathy, and 
fatigue, contributing to more significant exposure to glucocorticoid and cyclophosphamide.
Keywords: primary Sjogren’s syndrome, hypocomplementemia, complement C3, 
complement C4

Introduction
Sjogren’s syndrome (SS) is a multisystemic autoimmune disease characterized by 
hypofunction of salivary and lacrimal glands and possible systemic multi-organ 
manifestations, such as interstitial lung disease, kidney diseases, and neurological, 
hematological and musculoskeletal involvements.1 It is characterized by lympho
cytic infiltration of exocrine glands and other organs, leading to dry eyes, dry mouth 
and various extra-glandular symptoms.2 SS is subcategorized into primary SS 
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(pSS), which is not associated with other well-defined 
connective tissue diseases (CTDs), and secondary SS, 
which is associated with other well-defined CTDs.2,3

The complement system is a part of natural immunity, 
composed of more than 30 soluble and membrane-bound 
proteins activated in a sequential enzymatic cascade. 
Importantly, it plays a critical role in immune regulation 
and formation of the Membrane Attack Complex to kill 
targeted cells.4 The complement system can be activated 
via the classical, alternative and mannose-binding protein 
pathways.5,6 Nowadays, serum complement screening is 
important in diagnosing and treating systemic lupus 
erythematosus. However, in pSS patients, complement 
levels are not routinely measured, and the clinical signifi
cance of hypocomplementemia has been understudied, 
especially in the Chinese population.7 Clinically, C3 and 
C4 hypocomplementemia are found at pSS diagnosis in 
only 1–15% of patients and 20% of cases during the 
disease course.8,9 Interestingly, it has been shown that 
pSS patients with C3 and C4 hypocomplementemia 
could represent a subset of patients with a poorer disease 
course and outcome.10 During clinical practice, C3 and C4 
hypocomplementemia are not frequently used as serologic 
markers in pSS patients. This study aimed to investigate 
the differences in the clinical features of hypocomplemen
temia in pSS patients, focusing on the relationship 
between C3 and C4 hypocomplementemia and clinical 
manifestations, immunological features, and treatment.

Materials and Methods
Patients
One hundred and twenty pSS patients who met the 2012 
American College of Rheumatology (ACR) criteria for 
pSS1 and were followed up for 3 to 24 months (median 
follow-up: 7 months) were enrolled in this study. All 
patients visited Zhejiang hospital between August 2018 
and October 2020 and never received corticosteroid or 
immunosuppressive treatment.

Patients with a history of other rheumatic diseases in 
addition to pSS were excluded from this study. 
Demographic, clinical, and laboratory data were collected 
from the electronic hospital information system. All pro
cedures were approved by the Ethics Committee of 
Zhejiang hospital (2020101K) and followed the tenets of 
the Declaration of Helsinki. Written informed consent was 
obtained from all subjects prior to participation in the 
study.

Data and Definitions
Clinical data, serologic and imaging results were obtained 
from the electronic hospital information system, including 
age, gender, disease duration, symptoms, laboratory data, 
and disease activity scores.

At the inception of the study, the presence of the 
following symptoms or signs were determined: persistent 
dry mouth and eyes for at least 3 months, arthritis, purpura 
rash, parotitis, rampant caries, fatigue, renal tubular acido
sis, interstitial lung disease (ILD), lymphadenopathy, psy
chosomatic disease, anemia (hemoglobin < 110 g/L), 
leukopenia (white blood cell < 4×109/L), thrombocytope
nia (platelet < 100×109/L), hypergammaglobulinemia (> 
16 g/L), hematological involvement (at least one of ane
mia, thrombocytopenia, or leukopenia). Psychosomatic 
disorders were diagnosed by psychiatrists.

C3/C4 hypocomplementemia was defined as C3/C4 
levels below the lower limit of the reference range. The 
normal range for serum C3 and C4 were 0.9–1.8 g/L and 
0.1–0.4 g/L, respectively. Complement C3 and C4 were 
measured by an immunochemical assay. pSS patients were 
divided into four groups according to the serum C3 and C4 
values: only low C3, only low C4, both low C3 and C4 
(double low), and neither low C3 nor C4 (normal C3 
and C4).

Lymphadenopathy was defined as lymph node length 
> 1 cm, or reduced ratio of the long to short diameter, 
using ultrasound or high-resolution computed tomogra
phy (HRCT).11 ILD was identified using chest radio
graphs or HRCT.12 Fatigue was measured with the 
fatigue visual analog scale (fVAS), a widely used and 
accepted generic and unidimensional fatigue instrument: 
an fVAS score >1 was defined as having fatigue 
symptoms.13

Disease activity was assessed with the EULAR Sjogren’s 
Syndrome Disease Activity Index (ESSDAI).14 Patient- 
reported symptoms were assessed with the EULAR 
Sjogren’s Syndrome Patient-Reported Index (ESSPRI).15 

The Health Assessment Questionnaire (HAQ) was used.16 

Schirmer tests were conducted by an ophthalmologist. For 
one pSS patient, we took the minimum value of both eyes in 
this study. All serologic results, imagological examinations, 
and disease activity assessments were measured upon admis
sion. IgG, IgA, and IgM were measured by enzyme-linked 
immunosorbent assay (ELISA). Auto-antibodies were mea
sured by indirect immunofluorescence. Rheumatoid factor 
was measured by latex agglutination turbidimetry.
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Statistical Analysis
Data were analyzed using SPSS V23.0 for Windows. 
Descriptive statistics were described as mean ± standard 
deviation (SD). The Kolmogorov–Smirnov test determined 
whether the data followed a normal distribution. Kruskal– 
Wallis and Dunn’s tests were used to assess the statistical 
significance of differences between groups. Discrete vari
ables were evaluated using the chi-square test and 
Bonferroni test. Parameters that were statistically signifi
cant during univariate analysis and one particular pSS 
subtype were selected for multivariate analysis. Odds 
ratios (ORs) were obtained using logistic regression. 
A P-value < 0.05 was statistically significant.

Results
Clinical Characteristics of pSS Patients
The clinical characteristics of the included pSS patients on 
admission are shown in Table 1. A total of 120 patients 
with pSS were included, consisting predominantly of 
females (n = 109, 90.8%). The mean age was 53 ± 13.8 
years (range: 17–88 years). Patients were divided into four 
groups according to the serum C3 and C4 levels. The 
prevalence of only low C3, only low C4, and double low 
in the included pSS patients was 21.7% (n = 26), 16.7% (n 
= 20), and 10% (n = 12), respectively. 71.7% (n= 86) 
patients had normal C3 and C4 levels.

There was no difference in disease activity scores, 
Schirmer test values, disease duration, sex, and the propor
tion of rampant caries and parotitis, while the proportion 
of dry eyes and dry mouth was significantly different 
among the four groups (P = 0.005 and P = 0.002, 

respectively). The mean age of the four groups was sig
nificantly different (P = 0.019). Pairwise comparisons 
suggested that parameters such as age, dry eyes and dry 
mouth, were significantly different between the double low 
group and the normal complement group.

Serological Parameters
Table 2 shows the serological parameters of pSS patients 
on admission. The proportions of pSS patients with ane
mia, leukocytopenia, and increased IgG were 50%, 64.3%, 
and 57.1% in the low C3 group, 37.5%, 37.5% and 87.5% 
in the low C group, 66.7%, 83.3% and 83.3% in the double 
low group, and 24.4%, 24.4% and 48.9% in the normal 
complement group (P = 0.01, P < 0.0001 and P = 0.034), 
respectively. There was no difference in the proportion of 
patients with thrombocytopenia, increased IgA, increased 
IgM, anti- SSA antibody, anti- SSB antibody, anti- RO52 
antibody, and rheumatoid factor among the four groups. 
Intriguingly, the platelet count in the double low group 
was the lowest among the four groups (P = 0.008). 
Pairwise comparisons showed that the hemoglobin, plate
let count, and white blood cell count were significantly 
different in the double low group and low C3 group, 
compared with the normal complement group. IgG levels 
in the double low group and low C4 group were signifi
cantly different from the normal complement group.

Organ Involvement
As seen in Table 3, extra-glandular involvement and com
plications were included: interstitial lung disease (n = 14, 
11.7%), articular involvement (n = 64, 53.3%) and fatigue 

Table 1 Baseline Clinical Characteristics of 120 pSS Patients

Characteristics M ± SD or n(%) Only low C3 N = 14 Only ow C4 N = 8 Double Low N = 12 Normal N = 86 P

Age, years 58.9 ± 14.4 43.5 ± 13.4 45.3 ± 11.9* 54 ± 13.2 0.019
Disease duration, years 3.1 ± 3 3.3 ± 2.2 1.6 ± 1.6 3.7 ± 4.6 0.369

Female 14 (100%) 8 (100%) 12 (100%) 75 (87.2%) 0.350

Dry mouth 11 (78.6%) 7 (87.5%) 3 (25%)* 63 (73.3%) 0.005
Dry eyes 10 (71.4%) 5 (62.5%) 1 (8.3%)* 54 (72.8%) 0.002

Rampant caries 3 (21.4%) 3 (37.5%) 1 (8.3%) 17 (19.8%) 0.457

Parotitis 1 (7.1%) 2 (25%) 0 7 (81.4%) 0.269
Schirmer test (mm/5min) 3.6 ± 2.2 2.7 ± 3 6.1 ± 3.2 5.3 ± 5.8 0.057

ESSDAI 5.1 ± 3 5.5 ± 1.9 6 ± 1.9 4.5 ± 1.8 0.054

ESSPRI 22.2 ± 7.7 25.4 ± 7.6 25.4 ± 5 20.4 ± 7.1 0.080
HAQ 6.2 ± 5.1 6.2 ± 5.1 4.4 ± 1.4 4.5 ± 2 0.884

Note: *Pairwise comparison showed the group was different with normal group. 
Abbreviations: ESSDAI, EULAR Sjogren’s Syndrome Disease Activity Index; ESSPRI, EULAR Sjogren’s Syndrome Patient-Reported Index; ESSDAI; HAQ, Health 
Assessment Questionnaire.
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(n = 64, 53.3%), lymphadenopathy (n = 36, 30%), hema
tological involvement (n = 66, 55%), skin involvement (n 
= 12, 10%), renal involvement (n = 6, 5%), autoimmune 
hepatitis (n = 7, 5.8%), and psychiatric disease (n = 23, 
19.1%). The proportion of pSS patients with lymphadeno
pathy, hematological involvement and fatigue was higher 
in the double low group (P < 0.0001, P < 0.0001 and P = 
0.001, respectively). Pairwise comparisons suggested that 
the incidences of lymphadenopathy and hematological 
involvement in the double low, only low C3 and only 
low C4 group were significantly different from the normal 
complement group. The incidence of fatigue in the double 
low group was significantly different from the normal 
group. No differences in the articular involvement, skin 

involvement, renal involvement, autoimmune hepatitis, 
and psychiatric disease were found among the four groups.

Features Associated with 
Hypocomplementemia
Binary logistic regression was performed to identify the 
factors associated with hypocomplementemia. We found 
only low C3, only low C4, both low C3 and C4 were 
identified as independent risk factors for lymphadenopathy 
(OR = 5.517, OR = 7.317, OR = 2.451, P = 0.010, P = 
0.008, P = 0.031, respectively) and leukopenia (OR = 
4.585, OR = 5.333, OR = 6.160, P = 0.004, P = 0.046, 
P = 0.049, respectively). The other parameters, including 

Table 2 Baseline Serological Parameters of 120 pSS Patients

Item M ± SD or n(%) Only Low C3 N = 14 Only Low C4 N = 8 Double Low N = 12 Normal N = 86 P

Hemoglobin (g/L) 112.3 ± 18.5* 119.4 ± 7.3 110.6 ± 18.3* 124.4 ± 19.1 0.022
Anemia, 7 (50%) 3 (37.5%) 8 (66.7%)* 21 (24.4%) 0.010

WBC (*10^9/L) 3.6 ± 1.4* 4.5 ± 0.9 2.8 ± 0.9* 5 ± 1.9 <0.0001

Leukocytopenia 9 (64.3%)* 3 (37.5%) 10 (83.3%)* 21 (24.4%) <0.0001
Platelet (*10^9/L) 145.3 ± 64.5* 159.3 ± 53.1 129.5 ± 42.3* 184.8 ± 73 0.008

Thrombocytopenia 6 (42.9%) 1 (12.5%) 4 (33.3%) 14 (16.3%) 0.075

IgA(g/L) 2.7 ± 1.1 3.6 ± 1.1 2.9 ± 1.1 3.1 ± 1.2 0.418
Hyper IgA 4 (28.6%) 2 (25%) 4 (33.3%) 19 (22.1%) 0.757

IgG(g/L) 18.7 ± 6.1 20.8 ± 4.9* 19.7 ± 5.3* 16 ± 5.5 0.004
Hyper IgG 8 (57.1%) 7 (87.5%) 10 (83.3%) 42 (48.9%) 0.034

IgM(g/L) 1.6 ± 0.8 1.4 ± 0.4 1.1 ± 0.7 1.3 ± 1.1 0.203

Hyper IgM 3 (21.4%) 0 0 7 (8.1%) –
SSA positive 13 (92.9%) 7 (87.5%) 11 (91.7%) 72 (83.7%) 0.788

SSB positive 4 (28.6%) 4 (50%) 3 (25%) 32 (37.3%) 0.649

RO52 positive 11 (78.6%) 8 (100%) 11 (91.7%) 64 (74.4%) 0.252
RF positive 9 (64.3%) 3 (37.5%) 9 (75%) 48 (55.8%) 0.386

Note: *Pairwise comparison showed the group was different with normal group. 
Abbreviations: RF, rheumatoid factor; WBC, white blood cell.

Table 3 Extra-Glandular Major Visceral Involvement and Complications in 120 pSS Patients

Items N (%) Only Low C3 N=14 Only Low C4 N=8 Double Low N=12 Normal N=86 P

Interstitial lung disease 3 (21.4%) 0 0 1 (1.2%) 0.280

Articular involvement 8 (57.1%) 4 (50%) 7 (58.3%) 45 (52.3%) 0.958

Skin involvement 1 (7.1%) 4 (50%) 2 (16.7%) 9 (10.5%) 0.793
Renal involvement 0 3 (37.5%) 0 3 (34.9%) 0.488

Lymphadenopathy 6 (42.9%)* 5 (62.5%)* 9 (75%)* 16 (18.6%) <0.0001

Hematological involvement 12 (85.7%)* 6 (75%)* 11 (91.7%)* 37 (43%) <0.0001
Autoimmune hepatitis 1 (7.1%) 0 0 6 (7%) 0.997

Fatigue 9 (64.3%) 4 (50%) 12 (100%)* 39 (45.3%) 0.001

Autoimmune liver disease 0 1 (12.5%) 0 4 (4.7%) 0.614
Neurological involvement 1 (7.1%) 0 0 1 (1.2) –

Psychosomatic disorders 2 (14.3%) 0 2 (16.7%) 19 (22.1%) 0.592

Note: *Pairwise comparison showed the group was different with normal group.
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autoantibodies, anemia, thrombocytopenia, ILD, fatigue, 
hypergammaglobulinemia, were not significant.

Pharmacologic Treatment
Pharmacologic treatments are shown in Table 4. pSS 
Patients with only low C3, only low C4, and double low 
relatively more exposed to glucocorticoid (53.8%, 50%, 
75%, vs 23.3%, P = 0.006, P = 0.034, P = 0.0008, 
respectively) and cyclophosphamide (15.4%, 15%, 
16.7%, vs 1.2%, P = 0.011, P = 0.023, P = 0.043, respec
tively) treatment than those with normal C3 and C4. 
Pairwise comparisons showed more pSS patients in double 
low group were treated with glucocorticoid and cyclopho
sphamide, compared with the normal group. No significant 
differences were found for other drugs, including cyclos
porine, methotrexate, hydroxychloroquine, and tacrolimus 
among the four subgroups.

Discussion
pSS is a complex autoimmune disease characterized by 
dysfunction of secretory epithelia that can be managed 
only by palliative therapy. The prevalence of hypocomple
mentemia in pSS is heterogeneous, and little is currently 
known about its role. This study aimed to determine the 
prevalence of hypocomplementemia in pSS and the differ
ence in clinical characteristics of treatment-naive pSS 
patients with and without hypocomplementemia. The pre
valence of C3, C4 and C3 and C4 hypocomplementemia 
were 21.7%, 16.7%, and 10%, respectively, similar to the 
literature.8,9,17,18 However, the incidence of hypocomple
mentemia varied in different studies and areas. Skopouli 
et al8 documented C3 and C4 hypocomplementemia rates 
of 2% and 17% in Greek pSS patients. In a multicenter 
study including 601 Greek pSS patients by Ioannidis JP 

et al.9 C3 and C4 hypocomplementemia rates were 3% and 
20%, respectively. Moreover, Theander et al18 reported C3 
and C4 hypocomplementemia rates of 25% and 27% in 
Swedish pSS patients (n = 484), higher than any other 
European study. These inter-study differences can be 
attributed to the heterogeneity in study areas, subject 
race, classification criterion and cut-off levels for hypo
complementemia used.

In the present study, the immunological and clinical 
characteristics of pSS patients with hypocomplementemia 
significantly differed from those with normal complement 
levels. Hypocomplementemia was associated with a high 
concentration of IgG and a low platelet count. The propor
tion of patients with anemia and leukocytopenia in the 
double low group was significantly higher than other 
groups. As for extra-glandular involvement, the proportion 
of fatigue, lymphadenopathy and hematological system 
involvement was significantly higher in the double low 
group. Importantly, hypocomplementemia was an indepen
dent risk factor for lymphadenopathy and leukopenia.

Our findings were similar to the results of Ramos- 
Casals et al10 to a certain extent. Lymphadenopathy is 
widely acknowledged as a clinical feature of pSS, and 
non-Hodgkin lymphoma is the most severe complication 
of pSS, occurring in around 5% of patients.19 

Lymphoproliferation is an early characteristic of lym
phoma, the predominant cause of death for pSS patients. 
Theander et al20 confirmed the close association between 
hypocomplementemia and lymphoma and found that 
hypocomplementemia could predict an increased risk of 
lymphoma for pSS patients. Interestingly, Ramos-Casals 
et al10 found that pSS patients with C4 hypocomplemen
temia had a higher lymphadenopathy prevalence than the 
normal C4 subset (18% vs 5%, P = 0.01). Solans-Laque 

Table 4 Pharmacologic Treatment in pSS Patients with and without Hypocomplementemia

Medications N (%) Only Low C3 N=14 Only Low C4 N=8 Double Low N=12 Normal N=86 P

Glucocorticoid 5 (35.7%) 1 (12.5%) 9 (75%)* 20 (23.3%) 0.002
Cyclophosphamide 2 (14.3%) 1 (12.5%) 2 (16.7%)* 1 (1.1%) 0.010

Methotrexate 0 1 (12.5%) 2 (16.7%) 9 (10.4%) 0.445

Tripterygium wilfordii 0 1 (12.5%) 1 (8.3%) 13 (15.1%) 0.495
Hydroxychloroquine 5 (35.7%) 2 (25%) 6 (50%) 36 (41.9%) 0.731

Total glucosides of paeony 7 (5%) 3 (37.5%) 7 (58.3%) 50 (58.1%) 0.684

Tacrolimus 2 (14.3%) 2 (25%) 2 (16.7%) 10 (11.6%) 0.556
Cyclosporine 1 (7.1%) 1 (12.5%) 1 (8.3%) 10 (11.6%) 0.998

Iguratimod 2 (14.3) 0 0 7 (8.1%) –

Note: *Pairwise comparison showed the group was different with normal group.
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et al21 reported that hypocomplementemia at pSS diagno
sis was a strong predictor for lymphocytopenia, and survi
val was reduced in patients with hypocomplementemia. 
A multicenter study was conducted in 5 centers (n = 
661) and found low C4 (relative-risk ratio = 8.3) were 
the variables distinguishing B-cell non-Hodgkin’s lym
phoma Group from pSS patients without NHL or prelym
phomatous conditions.22 Quartuccio et al23 studied 548 
pSS patients, and found pSS negative for anti-SSA and 
anti- SSB antibodies appears to be characterized by 
a lower risk of lymphoma and by a lower level of B-cell 
expansion. Additionally, hypocomplementemia and focus 
score resulted in variables associated with lymphoma at 
univariate analysis, and focus score appeared to be asso
ciated with lymphoma independently on complement frac
tion concentrations.24 This requires attention to the 
histological features of pSS patients. In this study, patients 
only with seven months median follow-up, we did not 
observe any individuals developed lymphoma.

As previously reported by Sjogren Big Data Project,25 

C3 and C4 hypocomplementemia was tightly correlated 
with the hematologic system. In this regard, Zhao et al7 

found that pSS patients with hypocomplementemia had 
a lower mean age at diagnosis and a higher frequency of 
anemia and multivariate analysis showed that anemia was 
an independent predictor, similar to our study results. 
Jordán-González et al17 found no significant relationship 
between low complement and the hematological involve
ment in Puerto Rican patients with pSS (n = 94). In 
contrast, Brito-Zerón et al25 studied 10,500 pSS patients 
from 22 countries (78% White), and found that pSS 
patients with C4 hypocomplementemia had a higher inci
dence and more severe xerophthalmia and xerostomia. In 
the present study, no significant association between low 
complement and autoantibodies was found, inconsistent 
with previous studies.10,17 It is highly conceivable that 
the clinical manifestations of pSS are significantly influ
enced by the epidemiological characteristics, systemic 
involvement, or the immunological profile at diagnosis. 
Furthermore, the results varied according to the study 
areas and subjects’ races.

The Italian cohort study included 1115 pSS patients, 
and found extra-glandular manifestations were detectable 
in 15% of the patients and were represented by active 
synovitis (11%), axonal sensory-motor neuropathy (2%), 
severe leukocytopenia (14%), cutaneous vasculitis (6%) 
and non-Hodgkin’s lymphoma (4.5%).26 There is slightly 
difference from our study. Maybe, the different reference 

value of variables, different ethnicities and different 
inclusion criterion contribute to the results. The pattern 
of extra-glandular involvement is different among differ
ent ethnicities, however no studies have compared the 
disease phenotype among ethnicities. An enhanced risk 
of pulmonary and renal involvement has been reported in 
an Asian cohort study.27 Brito-Zerón et al28 were the first 
to report significant geoepidemiological variations in the 
prevalence of xerostomia, xerophthalmia, abnormal diag
nostic tests and positivity of immunological marker.

Hematological involvement, fatigue syndrome, lym
phadenopathy, and serum IgG contribute to high 
ESSDAI score. However, no relationship was found 
between hypocomplementemia and the ESSDAI score. 
All ten criteria (constitutional and lymphadenopathy, 
glandular, articular, cutaneous, pulmonary, renal, muscu
lar, peripheral nervous system, central nervous system, 
hematological) proposed by the ACR/EULAR 
committee14 have been included in the ESSDAI score. In 
addition, the extent of organ involvement or presence of 
subjective symptoms such as fatigue and pain can influ
ence the physician’s evaluation of disease activity. In this 
study, all pSS patients enrolled were hospitalized and 
exhibited heterogeneous degrees of disease severity. In 
additional, ESSDAI is a useful tool to assess disease 
activity, and ClinESSDAI seems to be another valid tool, 
which is independently of B-cell biomarkers and also to 
allow clinical assessment when some laboratory features 
are not available. Maybe, we can combine ESSDAI and 
ClinESSDAI assessment to accurately evaluate disease 
activity.29 Jordán-González et al17 reported higher 
ESSDAI scores in pSS patients with C4 hypocomplemen
temia; however, there was no difference found in the C3 
hypocomplementemia group, which could be attributed to 
the small sample size.

Moreover, we found that pSS patients with low com
plement levels were more likely to receive glucocorticoid 
and cyclophosphamide treatment. Moreover, pSS patients 
with hypocomplementemia at diagnosis may represent 
a subset of patients with a worse clinical outcome when 
compared with patients with normal complement levels.10 

In a Spanish cohort of 1580 patients with pSS, 65% of pSS 
patients with hypocomplementemia received glucocorti
coid treatment.30 Even though glucocorticoid is commonly 
used in pSS patients with glandular, joint, cutaneous, lung, 
hematological, renal, neurological involvement, no reliable 
evidence is available to support the use of glucocorticoids 
in pSS, which is still based on case reports, case studies, 
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retrospective or prospective studies and a small number of 
randomized controlled trials.31

In addition, compared with previous studies,7,10,17,24 

there are some difference in this study. In our study, pSS 
patients were divided into four groups: only low C3, 
only low C4, both low C3 and C4 (double low), and 
normal C3 and C4, which is different from other studies 
reported in the literature.7,10,17,24 The difference in the 
grouping strategy could potentially account for the dif
ference in results. Moreover, it should be borne in mind 
that other factors such as the patient ethnicity, study 
areas and different clinical criteria impact the results. 
Ethnicity is a key influencer of the clinical phenotype 
and outcomes of pSS.32 Recent studies have analyzed the 
potential role of ethnicity in pSS phenotypic expression. 
It has been established that ethnicity strongly influences 
the age at diagnosis33,34 as the expression of sicca symp
toms is enhanced in White patients and decreased in 
Black/African American and Asian patients.7,33,35 The 
variability in pSS features was strongly related to indi
vidual demographics, such as age, gender, ethnicity and 
place of residence, which should be emphasized for new 
patients diagnosed with pSS. Moreover, in the present 
study, the median follow-up was only seven months, 
which could have limited our study results. The hetero
geneity in results from studies in the literature can be 
attributed to the small number of patients included and 
the different classification criteria used.

Several limitations were present in this study. First of 
all, this was a retrospective study designed to analyze data 
obtained from medical records, which may have resulted 
in recall bias. Further studies are necessary to confirm the 
relevance of our findings in large populations. Moreover, 
the fact that participants in our study were predominantly 
southern Chinese could limit the generalization of our 
results in other populations. In addition, differences in 
physician assessment can contribute to the heterogeneity 
in disease scores.
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