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      Epidemiology of Systemic 
Lupus Erythematosus                     

       Simone     Baldovino      and     Cristiana     Rollino    

         Systemic lupus erythematosus (SLE) is an often severe autoimmune rheumatic dis-
ease of unclear etiology that affects people worldwide. SLE presents with a wide 
spectrum of clinical patterns and can affect all ages and ethnicities [ 1 ]. Regardless 
of the age of disease onset, the diagnosis relies upon a combination of clinical and 
laboratory fi ndings which are addressed in more detail in other sections of the book. 
In this chapter we aim to critically review the epidemiology of SLE. 

2.1     Issues in Epidemiological Studies About SLE 

 Epidemiological studies about SLE are complicated by many issues such as variable 
disease presentation, the remitting and relapsing nature of the disease, and the pres-
ence of different classifi cation criteria. The American College of Rheumatology 
(ACR) classifi cation is the most widely accepted, and the only validated instrument 
for “diagnosing” lupus [ 2 – 4 ]; however, these criteria do not represent the full spec-
trum of disease and other classifi cation criteria have been proposed [ 5 ,  6 ]. These 
classifi cation criteria were created to identify SLE patients for clinical studies. 
Patients fulfi lling 4 out of the 11 1982 ACR criteria are classifi ed with SLE with 
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approximately 95 % certainty, although many individuals who meet only two or 
three criteria are “diagnosed” with SLE. 

 The use of different and more sensitive criteria for the assessment and the inclu-
sion of milder cases may partly explain the differences in incidence and prevalence 
observed in different periods. A study conducted in Olmsted County, Minnesota, 
analyzed SLE incidence rates in two periods. The age- and sex-adjusted incidence 
rate was higher in the latter period (1.5 and 5.6 per 100,000 person-years, respec-
tively, in 1950–1979 and 1980–1992) [ 7 ]. Similar increases were seen in an inci-
dence study in 1980–1984, 1985–1989, and 1990–1994 in Denmark [ 8 ]. 

 Moreover, the different study designs can affect estimation of the prevalence, 
incidence, morbidity, and mortality. Studies based on the use of population regis-
tries potentially allow to identify a greater number of cases. However, often the used 
diagnostic criteria are not suffi ciently controlled. On the other hand, studies carried 
out by reference centers allow a more precise defi nition of the reported cases but 
suffer from a selection bias. In fact, often, patients treated at referral centers are 
more complex and serious and do not represent the full spectrum of the disease. 

 Another issue is the potential contribution of undiagnosed disease to the total 
burden within a population. This issue was addressed by a community survey in 
Birmingham (United Kingdom), combined with antinuclear antibody testing and 
clinical assessment of “positive” respondents and reported a prevalence of diagnosed 
SLE in women ages 18–65 years of 54 per 100,000. With the addition of the cases 
found during the screening, this estimate rose to 200 per 100,000 [ 9 ]. These results 
were confi rmed by subsequent studies conducted in Israel and in Michigan [ 10 ,  11 ].  

2.2     Incidence and Prevalence of SLE 

 According to the last available revision of the literature, incidence rates of SLE 
range from approximately 1 to 10 per 100,000 person-years, and prevalence rates 
generally range from 20 to 70 per 100,000 [ 12 ]. After that review many studies 
about SLE epidemiology were conducted worldwide [ 11 ,  13 – 30 ]. Even if SLE 
occurs throughout the world, many variables such as ethnicity, geography, sex, and 
age affect the epidemiology of SLE. In the following sections, we will analyze each 
of these variables. 

 Kidney involvement plays a pivotal role in the prognosis of patients with SLE, as 
it deeply affects mortality and morbidity. Thus, in this chapter we will address this 
aspect with a special emphasis.  

2.3     Ethnicity, Geography, and Genetics in SLE 

 In North America, the lowest incidences of SLE were seen among Caucasian 
Americans, Canadians, and Spaniards with incidences of 1.4, 1.6, and 2.2 cases per 
100,000 people, respectively [ 12 ]. A higher incidence is observed among Arab and 
Chaldean Americans (age-adjusted incidence of 7.6 and 62.6 per 100,000, 
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respectively) [ 30 ] and among black people (age-adjusted incidence of 3.2 and 13.4 
6 per 100,000 for men and for women, respectively) [ 19 ,  31 ]. 

 Throughout Europe, the highest incidences were found in Sweden (4.7 
cases/100,000) [ 32 ], in France (3.32 cases/100,000) [ 22 ], and in Asian (17.45 
cases/100,000) and Afro-Caribbean (31.46 cases/100,000) residents of the United 
Kingdom [ 24 ]. 

 Consistent with data from the United Kingdom, the prevalence of SLE was also 
high in Puerto Rico, with an overall prevalence of 159 per 100,000 individuals (277 
per 100,000 for females and 25 per 100,000 for males) [ 33 ]. 

 In Australia some studies focused on the difference in SLE prevalence and clini-
cal and laboratory expression between Aboriginal and non-Aboriginal Australians. 
Prevalence of SLE was higher in Aboriginal than among non-Aboriginal (52.0–92.8 
vs 19.3–39.0 cases per 100,000 population) [ 25 ]. Both ethnographic and genetic 
differences and more complex social factors related to poverty and access to care 
are likely associated with increased risk of the disease. 

 A systematic review, published by Osio-Salido and Manapat-Reyes in 2010, 
identifi ed the epidemiological data for 24 Asian countries. Prevalence falls within 
30–50/100,000, with a higher prevalence of 70 in Shanghai and a lower prevalence 
ranging from 3.2 to 19.3 in India, Japan, and Saudi Arabia. Incidence data were 
available only for three countries (Japan, Hong Kong, and China) and varied from 
0.9 to 3.1 per annum [ 13 ]. 

 The infl uence of genetics is one of the factors implicated in differences in 
epidemiology and clinical expression of SLE in different populations. The 
genetic basis of SLE is very complex and recent genome-wide studies have 
identifi ed more than 50 robust loci associated with SLE susceptibility [ 34 ]. One 
study conducted by Wang and coworkers on 695 Chinese SLE patients esti-
mated that the heritability of SLE should be of 43.6 %. The authors concluded 
that the genetic model of SLE could be a polygenetic model and major gene 
mode is the best fi tted one [ 35 ]. Studies on twin show a concordance rate rang-
ing from 2 to 5 % for dizygotic twins and 24–60 % for monozygotic twins. 
However, this concordance in twins can be explained by behavior as well as by 
genetic predisposition [ 36 ]. 

 The strongest genetic associations are reported for the human leukocyte antigen 
(HLA) class II (DR2 and DR3), with relative risks of approximately 2.0, with dif-
fering strengths of association in different racial populations, and HLA class III 
region (MSH5 and SKIV2L) [ 36 ,  37 ]. Other non-HLA genes associated with SLE 
can be classifi ed by the pathway in which they are involved, such as type I interferon 
pathway (TLR7, IRF5 and IRF7, IFIH1, STAT4, TYK2, and SLC15A4), nuclear 
factor kB (TNFAIP3, IRAK1, and possibly MECP2), B- and T-cell signaling 
(PTPN22, c-Src tyrosine kinase, BANK1, BLK, IL10, and IKZF1), immune com-
plex clearance (FCGR2A,FCGR3A, FCGR3B, ITGAM, a protein involved in form-
ing complement receptor 3, and protein involved in classic pathway of complement, 
especially C1q), production of oxygen reactive species (NCF2, a protein coding for 
a NADPH oxidase subunit), cell-cycle regulation (CDKN1B), autophagy (ATG5 
and DRAM1), and DNA demethylation (TET3) [ 34 ].  
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2.4     Age, Sex, and SLE 

 Age at onset defi nes different subtypes of SLE: neonatal lupus, secondary to passive 
transfer of antibodies from an affected mother to the child, pediatric lupus (pSLE), 
adulthood SLE, and late-onset SLE (loSLE) [ 36 ]. 

 SLE onset is more common in young adults, between 15 and 40 [ 36 ]. Pediatric 
lupus accounts approximately 10–20 % of cases [ 38 ]. The onset of SLE beyond the 
age of 50 years is reported to occur in 3–18 % of patients [ 39 ]. 

 During the child-bearing years, the ratio of women to men with lupus is approxi-
mately 9:1. This ratio is less in younger (2:1) and older (3:1) populations, support-
ing a role for hormonal factors in disease induction and pathogenesis [ 1 ,  36 ]. The 
higher incidence among women is clearly seen in black people in the United States 
(crude incidence per 100,000 of 13.6 in women vs 2.6 in men) [ 19 ]. A similar pat-
tern is observed in other populations, as seen in a large study from the United 
Kingdom as well as in smaller studies from the Sweden and Iceland. However, in 
these populations the highest age-specifi c incidence rates are generally seen after 
40 years of age. Although there are no incident data for Hispanics in the United 
States or Latin America, some studies suggest they also develop lupus earlier in life 
[ 24 ]. 

 The importance of hormonal and reproductive factor in the highest susceptibility 
of women to SLE has been proven by few studies that correlate age at menarche 
with risk to develop SLE (odds 4.6-fold higher for women with menarche at age 
10 years versus menarche at age 13 years). Menstrual irregularities were also asso-
ciated with increased risk of SLE in a Japanese case–control study and in the 
Carolina Lupus study [ 36 ]. 

 Many authors have studied the infl uence of oral contraceptives on SLE onset but 
the results are controversial. In addition, the effect of breastfeeding has been ana-
lyzed with an apparent protective effect. Finally, early menopausal and postmeno-
pausal hormone therapy seems to be correlated with a higher risk of SLE [ 36 ].  

2.5     Other Risk Factors for SLE Development 

 Tobacco smoking has been proposed to be a trigger for the development of 
SLE. Results of nine studies have been summarized in a meta-analysis by 
Costenbader and coworkers. The authors revealed a small but signifi cantly increased 
risk for the development of SLE among current smokers compared with nonsmok-
ers (OR 1.50, 95 % CI 1.09–2.08). They did not observe a similar association for 
ex-smokers compared with never smokers, concluding that the effect of active 
smoking on risk appears to be stronger than a past exposure [ 40 ]. A subsequent 
Japanese study showed that the association between smoking and a particular poly-
morphism of the receptor for TNF, TNFRSF1B, was associated with a greater risk 
of developing SLE [ 41 ]. Moreover, two studies conducted in Japan showed a dose–
response relationship between smoking and the risk of SLE [ 41 ]. 
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 The role of alcohol consumption is more controversial. A meta-analysis con-
ducted by Wang and coworkers showed that moderate alcohol intake has a pro-
tective effect on the development of SLE [ 42 ]. Heavy alcohol consumption 
(>4–5 days/week) was shown to be associated with odds of 4.49 (95 % CI, 1.43–
14.08) for the occurrence of SLE only in some populations, suggesting that addi-
tional genetic or environmental factors can interact with alcohol consumption in 
SLE development [ 41 ]. 

 Some medications, such as procainamide, can induce lupus-like disease, typi-
cally without the presence of autoantibodies, in susceptible individuals. To date, the 
drugs mainly associated with the development of SLE in animal models are estro-
gen. However, even if some case series described the induction of SLE and disease 
fl ares in patients who took combined oral contraceptive pills, a randomized con-
trolled trial found that combined oral contraceptives did not confer a higher risk of 
disease fl ares in women with clinically stable SLE. On the other hand, another ran-
domized controlled trial did fi nd a higher risk of mild to moderate lupus fl ares in 
postmenopausal women with SLE who used hormone replacement therapy [ 41 ]. 

 Other drugs that have been supposed to be associated with SLE induction are 
anti-TNF used in the treatment of infl ammatory arthritis. Even if cases of anti-TNF- 
induced lupus have been reported, we lack a clear fi gure of real impact of these 
agents in SLE induction [ 43 ]. 

 The supposed association between LES and vaccines has never been proven [ 41 ]. 
A recent analysis conducted in silico by McGarvey and colleagues suggests that the 
presence of some genetic variations associated with specifi c immunological path-
ways could be associated with a higher risk to develop autoimmune diseases such as 
SLE as a consequences of vaccination [ 44 ]. These preliminary data need confi rma-
tion that should necessarily be based on genetic epidemiology studies conducted on 
large populations. 

 Many other chemicals, such as crystalline silica, chlorinated compounds, mer-
cury, liquid pesticides, solvents, phthalates (that are also present in lipsticks), and 
aromatic amines (that are also found in hair dyes), have been associated with SLE 
onset or fl airs [ 41 ].  

2.6     SLE Mortality, Morbidity, and Clinical Expression 

 SLE still remains an important cause of morbidity and mortality among young and 
middle-aged people, but, until the middle of the last century, 5-year survival was 
<50 % [ 36 ]. 

 Owing to improvements in disease management and recognition over the past 
20–30 years, patients now live longer, but as a result have increased disease 
damage. 

 Such as incidence and prevalence, also the clinical expression, the morbidity, and 
the mortality of SLE are infl uenced by ethnicity, geography, sex, and age at the 
onset. 
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 Few Australian studies investigated the differences in SLE expression between 
Aboriginal and non-Aboriginal in Australia with heterogeneous results. One study 
reported that laboratory anomalies and organ involvement were similar in Aboriginal 
and non-Aboriginal Australians, but another reported differences (not statistically 
signifi cant) between these populations in clinical manifestations and certain labora-
tory features, including malar rash, discoid rash, photosensitivity, oral ulcers, pleu-
ritis and anticardiolipin, anti-Smith and anti-ribonucleoprotein antibodies, and 
lupus anticoagulant. Other analyses investigated SLE features in Asian Australians. 
Two studies reported that Asian Australians were more affected by SLE than non- 
Asian Australians in terms of disease severity, renal involvement, photosensitivity, 
laboratory characteristics, and fl ares [ 25 ]. 

 A recent study from Qian and colleagues explored the correlation between SLE 
activity and altitudinal variations. The authors performed a retrospective analysis of 
1,029 hospitalized patients in China. The study did not found signifi cant correlation 
between SLE activity (recorded using SLEDAI) and altitudes. However, the authors 
found a correlation between the age at diseases onset and at hospital admission, the 
presence of Sm antibodies, and living at high altitudes [ 45 ]. 

 Pediatric cases are associated with higher disease severity, more rapid damage 
accrual (the majority of patients will have developed damage within 5–10 years of 
disease onset), and atypical presentations than adult-onset SLE. Premature athero-
sclerosis and osteoporosis have become increasingly prevalent morbidities in pSLE 
patients. Differential ethnic expression is present in pediatric patients such as in 
adult with a more severe disease course in patients of African ancestry. The most 
prevalent manifestations of SLE in pediatric patients are musculoskeletal, ocular, 
renal, and neuropsychiatric. Furthermore, the presentation of a serious incurable, 
potentially devastating disease, in a period of important psychosocial development, 
may result in signifi cant psychosocial stress [ 38 ]. The serological pattern of pediat-
ric patients can be characterized by absence of ANA and anti-nDNA antibodies, 
mostly in SLE secondary to complement defi ciencies [ 46 ]. Due to the more severe 
course of disease, patients with pSLE have a higher mortality than patients with 
adult onset (mortality hazard ratios of 6.29 vs 1.75) [ 47 ]. 

 loSLE is usually associated with milder manifestations. The most prevalent man-
ifestations are pulmonary involvement and serositis. Furthermore, late-onset SLE 
can be associated with Sjogren’s syndrome and may present an atypical serological 
pattern with the presence of rheumatoid factor and of antinuclear antibody and a 
lower frequency of anti-ribonucleoprotein (anti-RNP) and anti-Sm antibody [ 39 ]. 
Despite the milder presentation, loSLE is associated with poorer survival than early- 
onset SLE (mortality hazard ratios of 3.44 vs 1.75 in patients with adult onset) [ 47 ]. 
The higher mortality likely refl ects the consequences of aging rather than true dif-
ferences in survival. Importantly, the cause of death in late-onset SLE patients is 
usually not SLE itself, but rather the more frequent occurrence of infections, cardio-
vascular disorders, malignancies, or drug-induced complications [ 39 ]. 

 Few studies tried to explore the role of socioeconomic factors as risk factors for 
SLE outcome. Poorer outcomes and higher disease activity have been associated 
with measures of socioeconomic status (SES) such as insurance, income, and edu-
cation. It is often diffi cult to disentangle these from other closely related potential 
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risk factors associated with disease susceptibility such as environmental and toxic 
exposure. Non-Caucasian race, lower levels of education, and limited access to 
medical care appear to be associated with SLE-related organ damage and higher 
morbidity. Broader measures of lower SES, such as the Hollingshead Index, were 
associated with patients’ perceived health outcomes such that lower SES was asso-
ciated with higher morbidity [ 36 ]. 

 Defi ciency of vitamin D was demonstrated to be associated with higher lupus 
disease activity. In a recent study from Petri and colleagues, 1,006 SLE patients 
were assessed for serum 25(OH)D levels, 76 % of which had levels of 25(OH)D that 
were <40 ng/ml (insuffi cient). This percentage was signifi cantly higher among 
African-Americans (85 %) and among those ages 30–59 (79 %). Moreover, in 
patients with insuffi cient 25(OH)D levels, a 20-ng/ml increase in serum was shown 
to be associated with a 15 % decrease in the odds of clinically important proteinuria 
(urine protein-to-creatinine ratio >0.5) [ 48 ].  

2.7     Lupus Nephritis 

 Renal involvement is a major complication of SLE and a strong determinant of mor-
bidity and mortality. About 60 % of SLE patients develop kidney involvement [ 49 ]. 

 A clear defi nition of what we are referring to as “lupus nephritis” must be intro-
duced. Traditionally, authors refer to lupus nephritis (LN) as the glomerular involve-
ment in the course of SLE. However, the kidney involvement in the context of the 
disease may be heterogeneous, also including tubulointerstitial nephropathy, which 
manifests clinically with electrolyte disorders and/or renal acidosis, and different 
features of vascular disease. 

 In the following paragraphs, we will refer to the lupus glomerulonephritis as 
LN. Similarly to other manifestations of SLE, many factors infl uence LN incidence 
estimates: location, ethnicity, gender, and method of diagnosis. 

 The literature reports a frequency of LN among SLE patients ranging from 40 to 
70 % [ 50 ]. However, this estimation is probably lower than the real one, because of 
the bias generated by the method of diagnosis. Patients with less severe forms of 
lupus glomerulonephritis may not undergo renal biopsy ascertainment, hence result-
ing in incorrect estimate. 

 Moreover the incidence of LN may have been modifi ed over the recent years by 
the use of more aggressive treatments. 

 Most SLE patients develop nephritis early in the course of their disease. The vast 
majority is younger than 55 years. Children are more likely to develop severe 
nephritis than elderly patients [ 51 ].  

2.8     LN Histological Classification 

 The 2003 edition of the ISN/RPS classifi cation of the modifi ed WHO histological 
classifi cation of LN [ 52 ] has signifi cantly improved management and prognosis of 
the disease [ 49 ]. 
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 According to the ISN/RPS classifi cation [ 52 ], lupus glomerulonephritis ranges 
from less severe to highly severe forms. The most active forms, such as class III, IV, 
and V, are usually ascertained by biopsy. On the contrary, patients with less severe 
forms (class I, II, and probably some of class III cases) may not be submitted to 
renal biopsy, so that these forms may elude the epidemiologic estimates. 

 At this regard, in one study kidney biopsy was offered to all patients with SLE seen 
at a Japanese hospital over an 11-year period, whether or not clinical signs of renal dis-
ease were present [ 53 ]. Of the 195 patients who had adequate biopsies, 86 had no clini-
cal renal involvement. Of these 86 patients without clinical renal disease, 13 (15 %) had 
either class III or IV lupus nephritis and 9 (10 %) had class V disease.

2.9        Immunosuppression and Renal Replacement 
Advancements 

 Despite the ancient history of SLE, the renal manifestations were described for the 
fi rst time in the early 1900s [ 54 ] (Fig.  2.1 ). 

 Renal failure soon emerged as an important cause of death among SLE patients. 
Survival rate was less than 50 % at 5 years for LN patients in the late 1950s [ 55 ]. 
Survival of LN patients with end-stage kidney disease (ESKD) was negatively 
affected by the absence of renal replacement therapies (RRTs) or by their delayed 
utilization (Fig.  2.1 ). 

 Hemodialysis (HD) for LN was fi rst reported only in the mid-1970s and only in 
the European literature. Initial reports indicated that the outcomes of LN patients 
with ESKD who underwent RRT seemed to be worse than those of the general 
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ESKD population [ 56 ]. Morbidity in the SLE group was primarily associated with 
infection and vascular access problems, but no deaths were directly attributable to 
SLE activity. 

 The 5-year survival rate in the early 1980s was reported to be signifi cantly lower 
in HD-dependent SLE patients than in non-SLE HD patients (58.6 % versus 
88.5 %). 

 With advances in lupus treatment, outcome improved dramatically. Studies from 
the 1990s reported that more than 93 % of LN patients survived for 5 years and 
85 % survived for 10 years [ 57 ] and the 5-year survival rate for patients on dialysis 
increased to 73 % [ 56 ,  58 ]. As the need for a dialytic treatment may be only tempo-
rary, dialysis now represents the opportunity for renal recovery. 

 Hence the almost free availability of dialysis also affects epidemiologic data: the 
incidence of LN-associated ESKD has increased from 1.16 cases per million in 
1982 to 4.9 cases per million in 2004 in the United States [ 59 ,  60 ].  

2.10     General Data on Lupus Nephritis 

 Several data are reported about prevalence and incidence of LN. 
 The overall annual incidence rate has been rated 0.40 per 100,000 subjects per 

year (95 % CI 0.24–0.63) [ 61 ] and the prevalence ranging from 4.4 per 100,000 
inhabitants (95 % CI 3.8–5.0) (in northwest England in 2001-Patel-) to 6.85/100,000 
person-years [ 62 ]. 

 Prevalence and incidence are increasing over the years. Iseki et al. [ 63 ] analyzed 
566 SLE patients in Japan over a 20-year period. They found that the annual inci-
dence and prevalence of LN in women had increased from 16.0 per million and 66.0 
per million, respectively, in 1972 to 46.7 and 683.3, respectively, in 1991 and that 
the annual incidence and prevalence in men had increased from 4.2 and 8.3, respec-
tively, in 1972 to 8.3 and 70.0, respectively, in 1991. 

 It is unclear why the prevalence of end-stage LN increased by nearly tenfold in 
20 years. One possible explanation is an improvement in therapeutic option, result-
ing in a lower patient mortality and a possible longer life span, compatible with a 
potential development of renal failure. 

 In a recent retrospective study, male sex, young age (<33 years), and non- 
European ancestry were found to be determinants of earlier renal disease in patients 
with SLE [ 49 ].  

2.11     Gender 

 The striking prevalence of women affected with SLE is less evident as regards LN. 
 More severe renal disease, skin lesions, serositis, thrombotic events, and seizures 

have been reported in males by several authors [ 64 ]. 
 Whereas the incidence of SLE among the male population is low when androgen 

levels are high, the incidence approaches the same of the female population during 
childhood and old age when androgen levels are low. 
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 In the study of Patel [ 61 ], the annual incidence rate was higher in women, at 0.68 
per 100,000 per year (95 % CI 0.40–1.10), than in men, at 0.09 per 100,000 per year 
(95 % CI 0.01–0.32). 

 The prevalence rates were also higher in women than in men (7.1 per 100,000 
[95 % CI 6.1–8.2] versus 1.4 per 100,000 [95 % CI 1.0–2.0], respectively) [ 61 ], and 
this was true for all ethnic groups. 

 In Saxena study [ 49 ], the median age at diagnosis was 35 years (IQR 65.1–65.9) 
in men. 

 Male gender was found to be a poor prognostic factor for the clinical course of 
LN, progression to ESKD, and morbidity [ 59 ,  65 ].  

2.12     Ethnicity 

 It is well known that frequency and severity of LN differ among ethnicities. 
 Besides a higher SLE incidence, African-American ethnicities may present with 

more severe presentation and earlier renal disease, as shown in a retrospective 
study [ 50 ]. 

 In the Saxena study [ 49 ], a higher proportion of Indo-Asian patients with SLE 
(27 %) and an even higher proportion of Afro-Caribbean patients with SLE (58 %) 
were estimated to have LN when compared to the white population, in which the 
estimated proportion of SLE patients with LN was 10 %. The prevalence estimates 
were signifi cantly higher in women, in particular, in the Chinese and Afro-Caribbean 
populations when compared with the white population. Indeed, there was a marked 
ethnic gradient, with the prevalence estimates increasing from the white population 
to the Indo-Asian, Afro-Caribbean, and the Chinese populations.  

2.13     Socioeconomic Status 

 A number of studies suggest that LN is both more common and more severe in some 
ethnic minorities and progression to end-stage renal disease is higher in uninsured 
and low SES groups [ 66 ,  67 ]. 

 An interesting study based on the Medicaid Analytic eXtract (MAX) administra-
tive data system analyzes LN patients searched on the basis on ≥2 ICD-9 hospital 
discharge diagnoses of LN from January 1, 2000, to December 31, 2004. 

 The study was conducted utilizing combined categories: white, black or African- 
American, Hispanic or Latino, Asian (including Pacifi c Islander), Native American, 
and others. Seven SES indicators were taken into account: median household 
income, proportion with income below 200 % of the federal poverty level, median 
home value, median monthly rent, mean education level, proportion of people age 
>25 who were college graduates, and proportion of employed persons with a profes-
sional occupation. 

 From 2000 to 2004, the prevalence of LN was 30.9 per 100,000 (7,388 individu-
als) or 21.5 % of SLE cases, with higher rates among all non-Caucasian racial/eth-
nic groups compared to whites. 
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 By dividing the population into quartiles of county level SES, statistically sig-
nifi cant differences were found between the lowest SES group, which had the high-
est SLE prevalence (167.9 per 100,000, 95 % CI 160.4–175.7) and the two highest 
SES quartiles, which had the lowest SLE prevalence. A similar pattern was found 
after adjusting for age, sex, and race/ethnicity. 

 On the opposite, the trend of LN prevalence did not differ signifi cantly across 
SES quartiles. This suggests that genetics may be a more important determinant in 
the development of LN compared to SLE. It is also possible that once individuals 
enter into care for their SLE, SES contributes less to disease complications (Fig.  2.2 ).

2.14        Lupus Nephritis and Progression Toward 
End Stage Kidney Disease 

 Overall prognosis of SLE patients has improved in recent decades [ 59 ]. However, 
approximately 10–30 % of patients with proliferative LN progress to ESKD. 

 The incidence of LN-associated ESKD has increased from 1.16 cases per million 
in 1982 to 4.9 cases per million in 2004 in the United States (Fig.  2.3 ) [ 59 ,  60 ].
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   Analysis of the US Renal Data System from 1996 to 2004 showed that there 
were 9,199 new cases of ESKD attributable to LN with most patients being of 
African-American descent and of female sex (49 % and 82 % of cases, respectively) 
[ 59 ,  68 ]. This increase in the incidence of ESKD due to LN is a cause for concern. 
Recent epidemiological studies have pointed to several risk factors associated with 
the progression of LN to ESKD that could affect these estimations. 

 Young age is one of the primary risk factors for progression to ESKD. It was 
reported that up to 75 % of children with SLE eventually develop nephritis and 
18–50 % show progression to ESKD [ 69 ,  70 ]. The lack of standardized protocols 
for treating LN in pediatric populations is a challenge in managing treatment. 

 Delayed renal biopsy [ 71 ,  72 ] and delay in treatment of LN are other important 
risk factors associated with poor outcomes and progression to ESKD. Specifi cally, 
an elapsed time of more than 6 months between urinary evidence of nephropathy 
and biopsy has been associated with progression to ESKD. 

 While ESKD in LN appears to have stopped increasing in the last decade, ethni-
cal disparities in outcomes persist: the African-Americans are still more likely to die 
prematurely [ 73 ]. 

 Tubulointerstitial involvement with or without immune deposits along the tubu-
lar basement membrane is a common fi nding in LN, almost always being seen with 
concurrent glomerular disease [ 74 ,  75 ]. 

 The severity of the tubulointerstitial involvement is an important prognostic sign. 
In a Chinese study of 313 patients with LN, for example, the presence of tubuloint-
erstitial nephritis was signifi cantly associated with a twofold higher risk of develop-
ing end-stage renal disease [ 76 ]. 

 In a few cases, tubulointerstitial involvement is the only manifestation of 
LN. This possibility should be suspected when a patient with SLE presents with a 
rising plasma creatinine concentration and a urinalysis that is relatively normal or 
shows only a few red cells and/or white cells. These changes may be accompanied 
by signs of tubular dysfunction such as metabolic acidosis due to type 1 (distal) 
renal tubular acidosis, hyperkalemia, or hypokalemia [ 77 ,  78 ]. 
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 Involvement of the renal vasculature is not uncommon in LN, and its presence 
can adversely affect the prognosis of the renal disease [ 79 ]. The most frequent man-
ifestations are immune complex deposition, immunoglobulin microvascular 
“thrombi” [ 78 ], a thrombotic microangiopathy [ 80 ,  81 ], vasculitis [ 82 ], or athero-
embolic disease and atherosclerosis. 

 Rarely, patients with LN develop renal vein thrombosis [ 83 ].  

    Conclusions 

 According to the most recent revision of the literature, incidence rates of SLE 
range from approximately 1 to 10 per 100,000 person-years, and prevalence rates 
generally range from 20 to 70 per 100,000. Even if SLE occurs throughout the 
world, many variables such as ethnicity, geography, sex, and age affect the epi-
demiology of SLE. 

 Kidney involvement plays a pivotal role in the prognosis of patients with SLE, 
as still approximately 10–30 % of patients with proliferative LN progress to 
ESKD. 

 Prevalence and incidence are increasing over the years. A “big data” approach 
in perspective studies will enable hitherto unseen connections in SLE epidemiol-
ogy to emerge.     
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