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Abstract

Objective. SLE is known to have an aggressive phenotype in black populations, but data from African cohorts are
largely lacking. We therefore compared immunological and clinical profiles between Sudanese and Swedish patients
using similar tools.

Methods. Consecutive SLE patients from Sudan (n=115) and Sweden (n=340) and from 106 Sudanese and 318
Swedish age- and sex-matched controls were included. All patients fulfilled the 1982 ACR classification criteria for
SLE. Ten ANA-associated specificities and C1g-binding immune complexes (CICs) were measured. Cut-offs were es-
tablished based on Sudanese and Swedish controls, respectively. Disease activity was measured with a modified
SLEDAI and organ damage with the SLICC Damage Index. In a nested case-control design, Swedish and Sudanese
patients were matched for age and disease duration.

Results. Females constituted 95.6% and 88.1% of Sudanese and Swedish patients, respectively (P=0.02), with
younger age at inclusion (33 vs 47.7 years; P <0.0001) and shorter disease duration (5 vs 14 years; P <0.0001) among
Sudanese patients. Anti-Sm antibodies were more frequent in Sudanese patients, whereas anti-dsDNA, anti-histone and
CICs were higher in Swedish patients. In the matched analyses, there was a trend for higher SLEDAI among Swedes.
However, Sudanese patients had more damage, solely attributed to high frequencies of cranial/peripheral neuropathy
and diabetes.

Conclusion. While anti-Sm is more common in Sudan than in Sweden, the opposite is found for anti-dsDNA. Sudanese
patients had higher damage scores, mainly because of neuropathy and diabetes. Sudanese patients were younger, with
a shorter SLE duration, possibly indicating a more severe disease course with impact on survival rates.
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Rheumatology key messages

« While the anti-Sm frequency is higher, other autoantibodies are less frequent in Sudanese patients.
e The higher organ damage score in matched Sudanese patients is attributed to neuropathy and diabetes.
e Shorter disease duration and younger age among Sudanese patients may indicate limited survival.

Introduction
origin [1-6]. SLE severity measured by disease activity

SLE is considered to be rare in West Africa but is more
prevalent in other parts of the African continent. However,
a number of studies have suggested that the prevalence
of SLE might be underestimated in populations of African
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and organ damage has invariably been reported to be
higher in patients of African ancestry, mainly due to
more frequent occurrence and the unfavourable outcome
of LN [7-9].
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Comparison between SLE in Sudan and Sweden

A number of studies have investigated the prevalence of
lupus-related autoantibodies in black SLE populations.
One previous study found that African American SLE pa-
tients had higher frequencies of autoantibodies against
anti-dsDNA, chromatin, ribosomal P, SSA/Ro60, Sm and
the Sm/U1RNP complex compared with European
American patients living in the same area [10]. Other in-
vestigators have also shown that antibodies against Sm
and U1RNP are more prevalent in non-Caucasian SLE
patients in the USA and Europe as compared with
Caucasians [11-13], while the occurrence of anti-SSB/La
antibodies were similar [11]. Black South African patients
had similar frequencies of anti-Sm and anti-RNP when
compared with African Americans and Afro-Caribbean
[14]. In all of these studies, common cut-offs as recom-
mended by the assay manufacturer were used and no
adjustment was made for the general occurrence of auto-
antibodies in the respective control populations. In these
studies, the occurrence of autoantibodies was mostly
treated as a dichotomous variable, although it is well
known that not only anti-dsDNA, but also antibodies
against SSA/Ro, SSB/La, Sm and U1RNP can fluctuate
over time [15].

A few Sudanese reports have investigated the occur-
rence of autoantibodies [16, 17] and clinical phenotypes
[16-19] in SLE, but none of them have compared with
other ethnicities. Other limitations in previous studies are
the lack of standard disease activity and/or organ damage
measurement tools, as well as the use of a non-adjusted
manufacturer’s cut-off to determine the prevalence of
autoantibodies.

In this comparative study, we standardized investiga-
tions to compare SLE cohorts living in Sudan and
Sweden with the aim of investigating differences in im-
munological and clinical profiles. To the best of our know-
ledge, there are currently no published studies comparing
SLE in African and Caucasian populations using uniform
clinical and laboratory analyses.

Methods

Patients and controls

This cross-sectional study included 115 and 340 consecu-
tive SLE patients and 106 and 318 age- and sex- matched
controls from Sudan and Sweden, respectively. Sudanese
controls were healthy and Swedish controls were popula-
tion-based non-SLE individuals. The age and gender dis-
tributions for the patients are shown in Table 1. Among the
Swedish patients, 49 were of non-European ancestry,
including 9 of African origin, whereas all Sudanese pa-
tients were natives. Patient history, clinical description
and SLEDAI [20] and SLICC Damage Index (SLICC-DI)
[21] scores in Sudan and Sweden were acquired with
identical questionnaires that are used at Karolinska
University Hospital, Stockholm, Sweden. All participants
gave written informed consent to participate in the study,
which was performed in compliance with the Declaration
of Helsinki. Approval was obtained from the ethical
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committees of Alribat University Hospital and
Omdurman Military Hospital for the Sudanese study and
from the local ethics committee of the Karolinska
University Hospital for the Swedish study.

Sudanese SLE patients who fulfilled the 1982 revised
ACR classification criteria for SLE [22] were recruited be-
tween June 2011 and December 2014 from three rheuma-
tology clinics in Khartoum that receive patients from
different parts of Sudan (Alribat University Hospital,
Omdurman Military Hospital and Al Mo’alem Medical
City). Healthy Sudanese controls were recruited from
Neelain University in Khartoum (staff and students).
Venous blood samples were collected from all subjects
and immediately centrifuged and separated and the
serum stored at —70°C. Blood samples were available
from 93 Sudanese patients and 106 controls.

All Swedish SLE patients >18years of age receiving
care at the rheumatology clinic at Karolinska University
Hospital who fulfilled four or more of the 1982 ACR clas-
sification criteria for SLE during the inclusion period
2004-2010 were asked to participate. Population con-
trols, individually matched for age, sex and region to the
SLE patients, were identified through the Swedish popu-
lation registry, contacted by a letter and asked to partici-
pate. SLE was the only exclusion criterion among
controls. Serum samples were obtained and stored at
—70°C until use.

Histories of fulfilled ACR criteria (at the time of diagnosis
for Sudanese patients and at study inclusion for Swedish
patients), other symptoms, comorbidities and ongoing
drug treatment were obtained from patient records. As
Sudanese and Swedish patients reported ACR criteria at
different time points, the number of fulfilled criteria was
not statistically compared in this article (Table 1). SLEDAI
and SLICC-DI scores were evaluated for both cohorts at
the time of inclusion. To obtain comparable data, SLEDAI
was modified by excluding DNA binding and complement
components for Swedish patients [23], due to lack of this
information in the Sudanese cohort.

Urinary laboratory data on kidney engagement in
Sudanese patients was obtained from different private
laboratories in Sudan and reported considerably less
kidney engagement for various measures compared
with Swedish patients, which was not in agreement
with other clinical and laboratory data. Because of the
uncertainty concerning the comparability of urinary la-
boratory data, the urinary items were also excluded
from the SLEDAI.

Age at disease onset was defined as the occurrence of
the first symptoms of SLE. Disease duration was thus
defined as the time from disease onset to inclusion in
the study.

To evaluate the role of age at disease onset, patients
were divided into early adult-onset SLE (>18 and
<45years) and late-onset SLE (>45years) according to
Feng et al. [24]. Consequently, for this analysis, eight and
two young Sudanese and Swedish patients, respectively,
were excluded.
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TasLe 1 Demographics, ACR classification criteria and ongoing drug treatment in the investigated patients

Characteristics

Sudan,

all patients
((ERRE)]

Sweden,
all patients
(n =340)

P-value

Sudan,
matched
patients

(n=88)

Sweden,

matched

patients
(n=88)

P-value

Gender, female/male, n/n 110/5 297/40 0.02 85/3 79/9 0.07
Age at inclusion, years, median/mean®  33/34.9 47.7/46.7 <0.0001 35/36.8 35.4/37.3 0.7
Age at SLE onset, years, median/mean 28/30.0 26/29.1 0.3 31.5/31.6 28.5/31.1 0.7
Duration of SLE, years, median/mean 5/4.8 14/17.5 <0.0001 5.0/5.3 6.0/6.1 0.06
ACR classification criteria®, n/N (%)
Malar rash 60/115 (52.2) 175/337 (51.9) NA 47/86 (53.4) 39/88 (44.3) NA
Discoid rash 7/115 (6.1) 65/337 (19.3) NA 5/88 (5.7) 13/88 (14.8)  NA
Photosensitivity 61/115 (53.0) 222/337 (65.9) NA 47/86 (53.4) 49/88 (65.7) NA
Oral ulcers 73/115 (63.5) 113/336 (33.6) NA 55/88 (62.5) 28/88 (31.8) NA
Arthritis 101/115 (87.8) 280/337 (83.1)  NA 78/88 (88.6) 69/88 (78.4)  NA
Serositis 28/115 (24.3) 136/337 (40.4) NA 21/88 (23.9) 29/88 (32.9) NA
Renal disorder 26/114 (22.8) 137/337 (40.6) NA 22/88 (25.0) 35/88 (39.8) NA
Neurologic disorder 18/115 (15.6)  37/337 (11.0) NA 14/88 (15.9) 7/88 (7.9) NA
Hematologic disorder 20/115 (17.4) 238/337 (70.6) NA 17/88 (19.3) 69/88 (78.4)  NA
Immunologic disorder® 52/64 (81.2) 123/178 (69.1)  NA 42/52 (80.8) 18/32 (56.2) NA
ANA by IIF¢ 95/98 (96.9) 332/336 (98.8) NA 74/77 (96.1) 86/88 (97.7)  NA
Treatment at time of inclusion, n/N (%)
AZA 69/112 (61.6) 57/332 (17.2) <0.0001 50/86 (58.1) 19/88 (21.6) <0.0001
Prednisolone 80/112 (71.4) 194/337 (57.6) 0.009 59/86 (68.6) 57/88 (64.8) 0.6
Prednisolone dose, mg, median/mean 5.0/10.0 2.5/5.1 0.007 5.0/9.3 5.0/7.3 0.7
HCQ 63/112 (56.3) 116/335 (34.6) <0.0001 51/86 (59.3) 34/88 (38.6) 0.006
MMF 14/112 (12.5) 34/332 (10.2) 0.5 13/86 (15.1) 12/87 (13.8) 0.8
CYC 2/112 (1.7) 4/296 (1.3) 0.7 1/86 (1.2) 2/79 (2.5) 0.5
MTX 10/112 (8.9) 14/331 (4.2) 0.06 9/86 (10.5) 4/88 (4.6) 0.1
Ciclosporin 1/112 (0.9) 2/335 (0.6) 0.7 1/86 (1.2) 0/88 (0.0) 0.3
ASA 9/112 (8.0) 56/336 (16.7)  0.02 9/86 (10.5) 13/87 (14.9) 0.4
Warfarin 4/112 (3.6) 48/337 (15.0)  0.002 3/86 (3.5) 12/88 (13.6) 0.02

Sudanese and Swedish patients are compared for the full cohorts as well as for the nested group matched for age and
disease duration. Significant differences are shown in bold. ASA, acetylsalicylic acid; NA, not applicable. ®For Sudanese
patients, age was reported in full years, whereas for Swedish patients, age was calculated using the date of birth and time
of presentation to the clinic. PACR fulfilled criteria were not statistically compared between the cohort since they were
documented at different time points. “Including only anti-dsDNA for each cohort. °lIF was done in Sudan and Sweden at

the time of diagnosis.

Immunological testing

Quantification of autoantibodies against double-
stranded DNA (dsDNA), Sm, the Sm/U1RNP complex,
U1RNP, SSA/Ro52, SSA/Ro60, SSB/La, ribosomal P
antigen, PCNA and histones was performed in patient
and control sera using a bead-based multiplex immuno-
assay (FIDIS connective tissue profile, Theradiag, Marne
la Vallee, France). Circulating C1g-binding immune
complexes (CICs) were measured using the Quanta
Lite C1qg CIC ELISA (Inova Diagnostics, San Diego,
CA, USA) according to the manufacturer’s instructions,
except that the standard curve was extended down to
0.5 ngEg/ml. Autoantibodies and CICs were analysed at
the Department of Immunology, Genetics and
Pathology, Uppsala University, in parallel for the two
cohorts, except for CICs, which were tested at different
times. IIF ANA was tested in the Sudanese serum sam-
ples at a dilution of 1:200 using the HEp-2 cells ANA
test (Immuno Concepts, Sacramento, CA, USA).

970

Using that dilution, 5% of Uppsala controls were ANA
positive [25].

Statistical analyses

For comparisons between quantitative variables, the
Mann-Whitney U test was used, whereas the chi-squared
test was used to test for differences between categorical
variables, with the Fisher’s exact test applied when ap-
propriate. Due to demographic differences between the
Sudanese and Swedish patients, we performed matching
for age at inclusion and disease duration, leaving 88 pa-
tients in each group in a nested case-control design. To
create the matched groups, we conducted hierarchical
clustering analysis where age at inclusion and disease
duration are used as cluster variables and standardized
to contribute similarly to the cluster distance matrix.
Sudanese patients acted as leading labels and Swedes
as joiners, so we maximized the use of the most
Sudanese patients. Ward’s minimum variance method

https://academic.oup.com/rheumatology
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was used to calculate the distance between clusters [26].
Inclusion of new pairs to the matched groups ended when
the cluster variables became statistically different.

In consideration of national demographic differences
between cohorts, cut-offs for all analyses were defined
as the 98th percentiles for the respective national controls
and clinical associations to immunological tests were
evaluated accordingly. Due to the presence of outliers
for anti-SSA/Ro52, SSA/Ro60 and SSB/La among healthy
Sudanese controls, the 98th percentile was calculated
after retracting these values, with the corresponding
Swedish cut-offs treated similarly. Data are also pre-
sented using the general cut-offs suggested by the
assay manufacturers. In some comparisons (mentioned
below) between Sudanese and Swedish patients, statis-
tical significances were recalculated after exclusion of the
non-European patients from the Swedish cohort. All stat-
istical analyses were conducted using JMP statistical
software (SAS Institute, Cary, NC, USA). P-values <0.05
were considered significant.

Results

Demographics

The female preponderance was stronger among
Sudanese than among Swedish patients 95.6% vs
88.1% (P=0.02). The median age at study inclusion was
considerably lower among the Sudanese patients (33.0 vs
47.7years; P < 0.0001; Table 1). A total of 82.3% of
Sudanese and 83.2% of Swedish patients had early
adult-onset SLE (>18 and <45years; P=0.8). There was
also no difference in age at disease onset between the
two full cohorts (28.0 vs 26.0years; P=0.3). However,
when patients were stratified to subgroups according to
age at study inclusion, Sudanese patients were older at
disease onset in all groups between 20 and 60years of
age (Fig. 1A).

Disease duration was significantly lower among
Sudanese patients, both in the full cohort and after strati-
fication (Fig. 1B), and was not associated with SLEDAI or
SLICC scores but was associated with worse SLICC-DI
scores in Swedes (P <0.0001; data not shown). Among
the Sudanese patients, 78.0%, 15.0% and 6.0% re-
ported Arab, Afro-Arab and African tribal origin,
respectively.

Immune profile

At study inclusion, IIF ANA performed in Uppsala was
positive in 58% of Sudanese patients and 9% of
Sudanese controls. Comparing the full cohorts, levels of
anti-Sm, anti-dsDNA and anti-ribosomal P protein as well
as CICs were lower among Sudanese patients (Table 2,
Fig. 1C-E). When comparing the nine Swedish patients of
African origin with Sudanese patients, we found no differ-
ence in autoantibody levels but higher CIC levels among
Swedes (P=0.048; data not shown). Using conventional
cut-offs recommended by the manufacturer, the occur-
rence of anti-Sm was increased and anti-dsDNA
decreased among Sudanese patients. Autoantibody

https://academic.oup.com/rheumatology

levels also differed between controls in the two popula-
tions, with higher levels of antibodies against SSA/Ro52,
U1RNP and histone among Sudanese patients and
against SSA/Ro60, Sm, dsDNA and ribosomal P antigens
among Swedes (Table 2). When we instead used separate
cut-offs based on the national controls, the occurrence of
anti-SSA/Ro52 and anti-histone antibodies was also
increased among the Swedish patients. Using the
nation-based cut-off for the Sudanese cohort, a mean of
nine patients turned positive for the tested autoantibodies
except for anti-SSA/Ro52 in which five patients lost posi-
tivity and for anti-histone in which no change in occur-
rence was observed. Data for all antibodies are shown
in Table 2 and graphically for anti-Sm, anti-dsDNA and
CICs in Fig. 1C-E.

In the smaller nested case-control study, matched for
age and disease duration, all autoantibody specificities
except SSA/Ro52 and SSB were present at higher levels
among Swedish patients; also CIC levels remained high-
est among Swedish patients (Table 2).

After exclusion of Swedish patients with non-European
ancestry, there was no difference in the occurrence of
anti-dsDNA between the cohorts using the manufac-
turer-defined cut-off, whereas more Swedes expressed
higher anti-SSA/Ro60 and anti-SSB using the national
cut-off (P <0.0001 and P=0.003, respectively). All other
immunological comparisons yielded the same results.

Medication, disease activity and damage

AZA was the most commonly used immunosuppressive
treatment by both Sudanese and Swedish SLE patients.
When comparing the full cohorts, more Sudanese patients
received AZA, HCQ and prednisolone as well as higher
daily dosages of prednisolone than Swedes. The opposite
was found for acetylsalicylic acid and warfarin. In the
matched nested case-control study, these differences re-
mained for AZA, HCQ and warfarin (Table 1). The use of
CYC, MTX, ciclosporin and MMF treatments did not differ
between Sudan and Sweden in both the full and matched
groups.

Disease activity measured with a modified SLEDAI did
not differ between the full cohorts, whereas Swedish pa-
tients showed marginally higher activity in the nested co-
horts (P=0.0505). Myositis and oral ulcers were more
common in Sudanese compared with Swedish patients
in the full cohorts. After correction for differences in age
and disease duration, Swedish patients instead had an
increased occurrence of alopecia and leucopenia
(Table 3).

At the time of inclusion, Swedish patients had more
organ damage when the full cohorts were compared
(P=0.001). In the nested cohort where the effect of the
discrepant age and disease duration had been corrected
for, Sudanese patients exhibited more damage measured
with the SLICC-DI (P=0.04; Table 3). This difference re-
mained after excluding the Swedes with non-European
ancestry (data not shown).

For the total SLICC-DI score, Sudanese patients were
more often affected by neuropsychiatric damage and
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diabetes mellitus (P =0.0007 and P =0.0003, respectively)
in the full cohort, and this difference remained in the
nested case-control analysis (Table 3). When the neuro-
psychiatric damage item was divided into its components,
cranial/peripheral neuropathy was more common in
Sudanese patients in the full cohort (34/115 vs 12/337;
P <0.0001) as well as in the nested cohort (26/88 vs 1/
88; P=0.004). When adding cranial/peripheral neuropathy
and diabetes as well as their interaction factor into a lo-
gistic regression model for the full cohorts, both associ-
ations remained (P =0.001 and P=0.01, respectively), but
without interaction (P = 0.4). None of the Swedish patients
in the matched cohort had diabetes, thus a similar regres-
sion could not be performed in this group. We found no
statistical difference between the other neurological

972

components (Table 4). Whereas the SLICC-DI score in
the full cohort was higher among Sudanese patients
only in the 20-29 years group, neuropsychiatric manifest-
ations were also more common in the 30-39 years group
and cranial/peripheral engagement likewise in the 40-49
and 50-59 years groups (Table 5).

Swedish patients suffered more ocular, musculoskeletal
and skin manifestations and more premature ovarian fail-
ure in the full cohort; however, these differences dis-
appeared in the nested case-control design (Table 3).
The musculoskeletal engagement was more common in
Swedes in the 40-49 and 50-59 years groups; age strati-
fication yielded no significant differences concerning
ocular and skin manifestations or premature ovarian fail-
ure (data not shown).
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TasLe 3 SLICC-DI, modified SLEDAI scores and occurrence of individual components at the time of inclusion

Sudan, Sweden,
Sudan, Sweden, matched matched
all patients all patients patients patients
((ERRE)] (n=337) P-value (n=88) (n=88)
SLICC-DI score, median/mean 1/0.8 11.4 0.001 1/0.9 0/0.6 0.04
SLICC, ocular 3 (2.6) 41 (12.2) 0.003 3 (3.4) 4 (4.6) 0.7
SLICC, neuropsychiatric 43 (37.4) 72 (21.4) 0.0007 31 (35.2) 11 (12.5) 0.0004
SLICC, renal 5 4.4) 30 (9.0) 0.1 5 (5.7) 2 (2.3) 0.2
SLICC, pulmonary 4 (3.5) 17 (5.0) 0.5 3 (3.4) 3 (3.4) 1
SLICC, cardiovascular 7 (6.1) 33 (9.8) 0.2 5 (5.7) 1(1.1) 0.09
SLICC, peripheral vascular 6 (5.2) 29 (8.6) 0.2 6 (6.8) 5 (5.7) 0.8
SLICC, gastrointestinal 1(0.9) 6 (1.8) 0.5 1(1.1) 3(3.4) 0.3
SLICC, musculoskeletal 5 (4.3) 54 (16.2) 0.001 4 (4.6) 7 (8.0) 0.3
SLICC, malignancy 1(0.9) 9 (2.7) 0.3 1(1.1) 0 (0) 0.3
SLICC, skin 4 (3.5) 60 (17.8) 0.0001 4 (4.6) 11(12.5) 0.06
SLICC, premature gonadal failure 2(1.7) 27 (8.0) 0.02 2 (2.3 2 (2.3 1
SLICC, diabetes 8 (7.0) 3(0.9) 0.0003 7 (8.0) 0 (0) 0.007
SLEDAI score, median/mean 0/1.8 0/1.8 0.2 0/1.6 1/2.3 0.0505
SLEDAI, seizures 0(0) 1(0.3) 0.5 0 (0) 0(0) NA
SLEDAI, psychosis 0(0) 0 (0) NA 0 (0) 0 (0) NA
SLEDAI, organic brain syndrome 1(0.9) 7 (2.1) 0.4 0 (0) 3(3.4) 0.08
SLEDAI, visual disturbance 1(0.9) 0 (0) 0.09 1(1.1) 0 (0) 0.3
SLEDAI, cranial nerve disease 0(0) 0 (0) NA 0 (0) 0 (0) NA
SLEDAI, lupus headache 4 (3.5) 12 (3.6) 0.9 4 (4.6) 5 (5.7) 0.7
SLEDAI, cerebrovascular accidents 0(0) 1(0.3) 0.6 0 (0) 0 (0) NA
SLEADI, vasculitis 1(0.9) 3 (0.9 1 0 (0) 0 (0) NA
SLEDAI, arthritis 15 (13.0) 44 (13.1) 1 10 (11.4) 15 (17.1) 0.3
SLEDAI, myositis 4 (3.5) 0 (0) 0.0006 2 (2.3) 0 (0) 0.2
SLEDAI, alopecia 4 (3.5) 36 (10.7) 0.02 3 (3.4) 10 (11.4) 0.04
SLEDAI, mucosal ulcers 12 (10.4) 12 (3.6) 0.004 8 (9.1) 4 (4.6) 0.2
SLEDAI, pleurisy 2(1.7) 8 (2.4) 0.7 1(1.1) 4 (4.6) 0.2
SLEDAI, pericarditis 1(0.9) 2 (0.6) 0.8 0 (0) 1(1.1) 0.3
SLEDAI, fever 1(0.9) 16 (4.8) 0.06 1(1.1) 6 (6.8) 0.05
SLEDAI, thrombocytopenia 2(1.7) 8 (2.4) 0.7 2 (2.3 2 (2.3 0.7
SLEDAI, leucopenia 6 (5.2) 36 (10.7) 0.08 5(5.7) 14 (15.9) 0.03

Values presented as n (%) unless stated otherwise. Sudanese and Swedish patients are compared concerning the full cohorts
as well as the matched groups. Groups are compared with the Mann-Whitney U test for SLICC-DI and SLEDAI and with the
chi-squared test for the occurrence of individual components. Significant differences are shown in bold. NA: not applicable.

TaBLe 4 Neuropsychiatric domains of the SLICC-DI in Sudanese and Swedish SLE patients

Sweden Sudan Sweden
Clinical manifestations (n=337) P-value (n=88) (n=88)
Cognitive impairment, n (%) 6 (5.2) 37 (11.0) 0.07 2 (2.3) 8 (9.1) 0.1
Seizures, n (%) 2(1.7) 18 (5.3) 0.1 2 (2.3 2 (2.3) 1.0
CVA n 3(2.6) 22(6.5) 0.3 3 (3.4) 2 (2.3 0.6
Cranial or peripheral neuropathy, n (%) 34 (29.6) 12 (3.6) <0.0001 26 (29.6) 1(1.1) <0.0001
Transverse myelitis, n (%) 0 (0.0 1(0.3) 0.5 0 (0.0 0 (0.0 NA

To the left the full cohorts are compared and to the right, the group matched for age at inclusion and disease duration.
Significant differences are shown in bold. CVA: cerebrovascular accident.

Clinical associations to individual autoantibodies among Sudanese adult-onset patients and a higher preva-

Comparing adult and late-onset SLE, we found a higher lence of anti-Sm/U1RNP and anti-U1RNP (41.5% vs
prevalence of anti-dsDNA (37.3% vs 7.7%; P=0.04) 20.5%; P=0.009 and 32.7% vs.13.6%; P=0.01,
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TaBLe 5 SLICC-DI, neuropsychiatric and cranial/peripheral neuropathy components in Sudanese and Swedish patients

stratified for inclusion age

Age group (years) 10-19 20-29
SLICC-DI
Sudan/Sweden, median 0/0 1/0
P-value 0.5 0.004

Neuropsychiatric

Sudan/Sweden, % 27.3/16.7 51.8/11.9
P-value 1.0 0.0003
Cranial or peripheral neuropathy

Sudan/Sweden, % 18.1/0.0 40.7/2.4
P-value 0.5 <0.0001

30-39 40-49 50-59 60-69

0/0 11 172 0/2

0.9 0.07 0.03 (0.0501)
33.3/8.4 34.8/28.6 37.5/29.9 0/26.1

0.0007 0.6 0.5 0.4
27.8/0 21.71.8 37.5/6.9 0/6.5
<0.0001 0.007 0.0005 0.7

Groups are compared with the Mann-Whitney U test for SLICC-DI and with the chi-squared test for the occurrence of
individual components. Significant differences are shown in bold.

respectively) in Swedes. Other autoantibodies did not
show such an association.

Sudanese SLE patients with antibodies against Sm,
Sm/UTRNP, U1RNP or SSA/Ro60 had significantly
higher disease activity (P=0.006, 0.006, 0.002 and 0.03,
respectively) compared with seronegative patients. In
contrast, among Swedish patients, disease activity was
associated with the presence of antibodies against all
ANAs tested [SSA/Ro52 (P=0.04), SSA/Ro60 (P=0.03),
SSB (P=0.02), Sm (P=0.002), Sm/U1RNP (P=0.003),
U1IRNP (P=0.03), dsDNA (P=0.01), ribosomal P
(P <0.0001), histone (P=0.0009) and PCNA proteins
(P=0.04)] as well as CICs (P=0.004).

Discussion

To our knowledge, this is the first study to consistently
compare immunological and clinical aspects of well-
defined Sudanese lupus cohort living in Africa and
Swedish patients living in Europe.

The levels of autoantibodies differed between the two
full cohorts. Swedish patients exhibited higher levels of
anti-dsDNA, anti-ribosomal P and anti-Sm. Interestingly,
there were also considerable differences in autoantibody
levels between healthy controls from Sudan and Sweden,
albeit in the low range, a finding that has to be taken into
account when comparing autoantibody findings in differ-
ent SLE populations. Mostly the Swedish controls had
higher levels of autoantibodies as compared with the
Sudanese controls, which is in contrast to previous stu-
dies reporting higher ANA levels in African American as
compared with Caucasian healthy individuals [27, 28].

There is no consensus concerning whether reference
intervals should be adjusted to different geographical re-
gions [29]. Normal levels of biochemical analytes can
differ between racial groups [30], and a number of inves-
tigators and previous guidelines have recommended na-
tional/regional adjustments [30-32]. In contrast to most
previous studies, we have therefore used autoantibody
cut-offs corresponding to the 98th percentile of national
controls. Using such adjustments in Sudanese and

https://academic.oup.com/rheumatology

Swedish controls, we found more significant differences
between Sudanese and Swedish SLE patients, and clin-
ical associations to the occurrence of autoantibodies
reached a stronger significance than when using conven-
tional common cut-offs recommended by the assay pro-
viders (data not shown). We believe that other
autoimmune serology tests would benefit from such na-
tional adjustments when performed in African populations.

Disease activity, measured as a modified SLEDAI,
where anti-dsDNA, complement and the urinary items
have been excluded, showed minimal differences be-
tween Sudanese and Swedish patients. Although an
issue of concern, no certain conclusion can be drawn
about the occurrence of active LN in Sudan from the
SLEDAI data available.

Although we found more damage among Swedish pa-
tients, this was associated with considerably older age
and longer disease duration and was only present in the
large non-adjusted cohorts. In the nested case-control
study, matched for inclusion age and disease duration,
Sudanese SLE patients showed higher SLICC-DI scores
compared with Swedish patients. This finding is in agree-
ment with most previous publications demonstrating more
unfavourable SLE outcomes in black patients either living
in Africa [1, 4, 33, 34] or patients of African ancestry else-
where [3, 9, 35-38]. Higher SLICC-DI scores among
Sudanese patients were associated with two factors: the
neuropsychiatric domain and diabetes. Subanalysis re-
vealed the neuropsychiatric difference to be totally attrib-
uted to more cranial/peripheral neuropathy in Sudanese
patients, without an increase in any other neuronal com-
ponent. Stratification for inclusion year also showed the
higher SLICC-DI scores attributed to more neuropsychi-
atric manifestations to be especially prominent in the
20-29year stratum. These findings have, to our know-
ledge, never been described before and might draw at-
tention to the importance of neurological involvement in
early SLE in Sudan. Furthermore, diabetes was more
common among the Sudanese patients. A possible
reason could be steroid treatment, since more Sudanese
than Swedish patients were treated with higher
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prednisolone doses in the full cohort. Although the
increased occurrence of diabetes in the Sudanese popu-
lation is a plausible reason for neuropathy, both factors
were independently associated with Sudanese origin.
Although access to SLE treatment in Sudan and
Sweden varies, the use of some drugs was comparable
in the current cohorts. In Sudan, ciclosporin has been
provided by the Sudanese Kidney Association, whereas
CYC is subsided by the Sudanese government. MMF is
often imported from Egypt and India.

The estimation of autoimmunity risk in Africa is complex
and challenging, both because of diverse environmental
influences and genetic admixtures and also due to the
difficulties in tracing individuals until identification of a
clinically overt disease. Since health resources and know-
ledge about demography are limited in many African
countries, including Sudan, it is difficult to conduct epi-
demiological studies. It is more feasible to explore clinical
characteristics and standardized laboratory measures in
defined patient populations.

We found a higher percentage of females among
Sudanese than among Swedish SLE patients. This is in
agreement with what we previously have reported in a
comparative Sudanese-Swedish RA study [39]. In South
Africa and Nigeria, female SLE preponderance was very
similar to what we observed in Sudan [4, 34]. Also, in the
PROFILE multi-ethnic lupus cohort [40], the percentage of
females was higher among African American as compared
with Caucasian patients (91.7% and 86%, respectively).
Collectively these studies imply that the female domin-
ance may be higher in non-Caucasian SLE cohorts.

Earlier studies have mostly connected younger age at
SLE onset to higher disease activity and nephropathy
[41-44], higher prevalence of anti-dsDNA [43, 44] and
Sm autoantibodies [24, 44], but less organ damage [43]
and better survival [42]. However, in the current study,
disease onset associated mainly with immunological vari-
ables in both cohorts and we were unable to draw con-
clusions regarding clinical phenotypes in early onset SLE.

Sudanese SLE patients were generally younger at inclu-
sion. However, there is a considerable difference in life
expectancy between Sudan and Sweden: 66.0 vs
84.0years for females and 62.0 vs 80.3years for males
[45]. When we stratified for age at study inclusion,
Sudanese patients demonstrated later SLE onset in
younger as well as older age groups. Previous reports
on age at onset have shown varying results. Budhoo et
al. [34] reported no ethnic differences with regard to dis-
ease onset among South African SLE patients. African
American patients are likely to be affected at a younger
age compared with whites [41, 46], whereas Johnson et
al. [38] found no difference in early and late-onset SLE
between African Canadians and Caucasian Canadians.
Our current finding of older age at disease onset after
stratification thus differs from all the above studies, but
coincides with what we have previously described con-
cerning RA in Sudan compared with Sweden [39]. The
majority of the Sudanese cohort is of Arabian ancestry,
and George et al. [47] reported data on SLE onset and
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duration among Arab SLE patients from Israel, Lebanon,
Kuwait, United Arab Emirates and Saudi Arabia that are
comparable to our findings. Younger age and shorter dur-
ation of SLE in our cross-sectional Sudanese cohort could
also be attributed to early mortality in Sudanese patients
with severe disease. This might be due to the aggressive
natural history of SLE and/or difficulty in accessing health
care and treatment. Further longitudinal studies are
needed to address such speculation.

Our objective was to compare incipient hospital-based
SLE cohorts in Sudan and Sweden as accurately and
commensurable as possible. Our findings of a higher
prevalence of anti-Sm and a lower prevalence of anti-
dsDNA, considerably shorter disease duration and more
damage, especially concerning cranial/peripheral neur-
opathy and diabetes, will hopefully add to the general
understanding of SLE in Sudan and demonstrate the im-
portance of investigating this heterogeneous disease in
larger cohorts and longitudinal designs from different
parts of Africa.
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