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Abstract

Objective—End-stage renal disease (ESRD) is a major consequence of lupus nephritis, but how
this risk has changed over time is unknown. We conducted this systematic review to examine
changes in ESRD among adults with lupus nephritis from 1971 to 2015 and to estimate risks of
ESRD among contemporary patients.

Methods—We searched PubMed, Embase, and the Cochrane Database of Systematic Reviews
for cohort studies and clinical trials on ESRD in adults with lupus nephritis. We analyzed studies
from developed and developing countries separately. The outcome was probability of ESRD at 5,
10, and 15 years of lupus nephritis.

Results—We included 187 articles that reported on 18,309 patients. In developed countries, the
5-year risk of ESRD decreased from 16% (95% confidence interval [95% CI] 14-17%) in 1970-
1979 to 11% (95% CI 10-12%) in the mid-1990s and then plateaued. ESRD risks at 10 years and
15 years showed steeper declines in the 1970s and 1980s but also plateaued in 1993-1997, with a
notable increase in the late 2000s. The decrease in risk after 1980 coincided with increased use of
cyclophosphamide. The 15-year ESRD risk was higher in developing countries than in developed
countries. Patients with class IV lupus nephritis had the greatest risk of ESRD, with a 15-year risk
of 44% during the 2000s.

Conclusion—Risks of ESRD in lupus nephritis improved between the 1970s and the mid-1990s
and then plateaued, with an increase in the late 2000s. This pattern suggests limitations in the
effectiveness of, or access to, current treatments.

Lupus nephritis affects more than one-half of patients with systemic lupus erythematosus
(SLE) and is the most common serious manifestation of the disease (1). End-stage renal
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disease (ESRD) is the most important and costly complication of lupus nephritis. Patients
with lupus nephritis have a 26-fold increased risk of death, and annual health care costs in
2006 were estimated to be between $43,000 and $107,000 per patient (2,3). The impact of
ESRD due to lupus nephritis is particularly high because 73% of patients are younger than
age 50 (4). ESRD has been reported to develop in 10-30% of patients with lupus nephritis,
but these estimates are based on selected studies (5,6). Contemporary aggregate estimates of
the risk of ESRD are needed to provide patients with accurate prognostic information.

Examination of trends in ESRD risks can also indicate whether advances in treatment
strategies have resulted in improved long-term health outcomes. The treatment of lupus
nephritis has changed greatly over the past 40 years, after identification of proliferative
histologic subtypes as a key prognostic factor and with the adoption of more aggressive
immunosuppressive regimens (7-10). Following influential clinical trials in the 1980s,
corticosteroid monotherapy was replaced with combination treatment with corticosteroids
and either azathioprine or cyclophosphamide (11). High-dose intravenous cyclophosphamide
became the standard therapy for severe lupus nephritis (12). In the late 1990s,
mycophenolate mofetil was shown to be efficacious, and new induction and maintenance
regimens were introduced (13-15). Whether these advances have affected the risk of ESRD
is unclear, as progression to ESRD often takes many years and is not commonly tested in
short-term clinical trials. Despite the availability of efficacious treatments, limitations in
access to care and intermittent adherence to treatment are important economic, social, and
behavioral factors that can result in delayed diagnosis and poor outcomes (4,16-18). While
these barriers exist in developed countries, they may be more pronounced in developing
countries.

We conducted a systematic review and Bayesian meta-analysis to provide contemporary
estimates of the risk of ESRD in adults with lupus nephritis, and to investigate how this risk
has changed over the past several decades, given the treatment advances that have occurred.
We hypothesized that with the increased use of immunosuppressive medications, the risks of
ESRD at 5 years, 10 years, and 15 years of lupus nephritis will have progressively decreased
over time, and to a greater degree in developed than in developing countries.

MATERIALS AND METHODS

Data sources and searches

We performed a systematic literature review to identify all published studies on the risk of
ESRD in adults (age =18 years) with lupus nephritis. We followed a prespecified protocol
and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (19) and
Meta-analysis of Observational Studies in Epidemiology recommendations (20). We
searched PubMed, Embase, and the Cochrane Database of Systematic Reviews from their
inceptions to April 7, 2015. The search strategy was developed with a medical informationist
(see Supplementary Appendix A, available on the Arthritis & Rheumatology web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract). We also searched the
reference lists of these studies and review articles. The study was exempted from human
subjects review by the National Institutes of Health Office of Human Subjects Research.
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Study selection

Two authors (MGT and MMW) independently reviewed the titles and abstracts and, when
necessary, full texts to determine eligibility. We included articles without date or language
restrictions. We excluded case series, reviews, and abstracts, studies of children, studies with
fewer than 10 patients or 12 months of follow-up or less, studies focused on patients with
advanced kidney disease (ESRD or rapidly progressive glomerulonephritis) at study entry,
studies with incomplete data on the number of patients with ESRD, the number of patients at
risk, or follow-up, and studies reporting only composite end points, such as ESRD and
death. For studies published since 2000 that had incomplete data on ESRD or follow-up, we
contacted study authors for this information. When more than one article on a cohort was
available, we included the article with the longest follow-up or largest sample.

Data extraction and quality assessment

Two authors (MGT and MMW) independently performed data extraction and quality
assessment using a dedicated protocol. Discrepancies were resolved by consensus. We
extracted data on study design, calendar years of enroliment and follow-up, patient
characteristics, SLE duration (time between SLE diagnosis and either renal biopsy or study
entry), duration of lupus nepbhritis (time between clinical diagnosis of lupus nephritis and
either renal biopsy or study entry), nephritis characteristics, and immunosuppressive
treatment.

The outcome was ESRD, defined as renal dialysis or renal transplantation. If studies
reported ESRD outcomes separately by renal histologic class or calendar years, we extracted
these data.

We assessed study quality using 10 items in 3 domains, adapted from the Newcastle-Ottawa
scale: representativeness of the cohort, adequacy of follow-up, and completeness of
description of enrollment criteria and treatment (21) (see Supplementary Appendix B,
available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.39594/abstract). We considered representativeness as the most relevant indicator
of study quality for this analysis, and we therefore rated as high quality studies of inception
cohorts that did not require histologic diagnosis of lupus nephritis and did not exclude
patients with renal failure at study entry.

Data synthesis and analysis

In the main analysis, we included all studies that enrolled patients based on a clinical
diagnosis of lupus nephritis or that required a histologic diagnosis of lupus nephritis but
included patients with at least 2 histologic classes of lupus nephritis. These studies reflected
a spectrum of patients with lupus nephritis, in contrast to studies of patients in a single
histologic class. We also performed a second analysis of studies that reported histologic
class—specific results. Here, we computed ESRD risks separately for patients with class 111,
class IV, and class V lupus nephritis, omitting other classes because of their very low risk of
ESRD.
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Risks of ESRD were reported in the primary studies in 3 different ways: as Kaplan-Meier
curves, as proportions with ESRD at specific follow-up times (without including a time-to-
event figure), and as the proportion with ESRD over the period of observation. These
different types of data required different approaches to obtain summary estimates amenable
to pooling. For studies with Kaplan-Meier curves and time-to-event proportions, we used the
published information to generate individual patient data, from which 5-year, 10-year, and
15-year risks could be estimated (22) (see Supplementary Appendix C, available at http://
onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract). We validated this approach by
comparing estimates of ESRD risks obtained using this method to observed risks in a study
for which we had primary data on individual patients (23). In this validation, Kaplan-Meier
curves from the reconstructed data differed from the original Kaplan-Meier curves by at
most 3 percentage points over the range of the data, and were within 1 percentage point for
more than 95% of the follow-up. For studies that reported only the proportion with ESRD,
we used this proportion.

Each primary study contributed a single summary of ESRD risk. We assumed that the time
to ESRD followed a Weibull distribution. We used Bayesian estimation using Markov chain
Monte Carlo methods to derive posterior distributions of the Weibull estimates (24). Studies
with different follow-up times, including those shorter than 5 years, could therefore be
included because each study contributed to the likelihood function for the parameters. We
used these Weibull estimates to obtain 5-year, 10-year, and 15-year ESRD risks. We
accounted for left truncation, where the start of patient follow-up was some time after the
onset of SLE or lupus nephritis, in the estimation of time to ESRD. Detailed statistical
methods are provided in Supplementary Appendix C, online at http://
onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract.

To investigate changes in risk over time, we segregated the calendar time covered by the
studies into overlapping 5-year intervals. We included a given study in each interval from the
calendar year of the midpoint of its enroliment period to the calendar year of the study end,
and we fit the Bayesian model to data from studies included in each interval. We then
sequentially re-estimated the model with data from subsequent intervals. This analysis
produced 5-, 10-, and 15-year risks and corresponding 95% confidence intervals (95% CIs)
for each calendar window, analogous to a moving average. For example, a study with an
enrollment midpoint of 1990 and an end date of 1996 would contribute to 11 calendar
windows (i.e., 1986-1990 through 1996-2000). Small variations in the curves resulted from
individual studies entering or leaving a given calendar window. Because time-to-event data
were needed to provide stable posteriors, we omitted years that did not have at least one
study with either Kaplan-Meier or summary survival data.

In a sensitivity analysis, we set the maximum time that studies contributed to ESRD risks to
10 years after the midpoint of enrollment, rather than the end of follow-up. This analysis
reduced the number of years that studies with very long follow-up continued to contribute to
ESRD risk estimates, when treatment practices may have changed.

We separately analyzed studies from developed countries (high income) and developing
countries (low to middle income), as classified by World Bank criteria at the midpoint year
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of patient enrollment, because differences in access to care may affect ESRD risks (25). This
classification has been used previously in studies of global differences in health outcomes
(26,27).

We examined trends in the mean serum creatinine level at study entry and mean time
between lupus nephritis diagnosis and study entry as potential sources of variation in ESRD
risks over time. Lower serum creatinine levels or shorter delays would be expected to be
associated with lower risks of ESRD. Too few studies reported data on creatinine clearance
(n = 45) or estimated glomerular filtration rate (n = 21) to use these measures as markers of
treatment delay.

Analyses were done using R version 3.0.2 and Just Another Gibbs Sampler version 3.0 (24).

Study characteristics

ESRD risks

We included 187 studies that had investigated 18,309 patients (Figure 1) (see Supplementary
Appendices D and E, online at http://onlinelibrary.wiley.com/doi/10.1002/art.39594/
abstract). These included 16 prospective observational studies, 128 retrospective
observational studies, and 43 clinical trials published from 1971 to 2015. Thirty-six percent
of studies were from Europe, 26% from North America, 25% from Asia, 7% from Africa or
the Mideast, 5% from Latin America, and 0.05% from Australia. Across all studies, 86% of
patients were women, with a mean age of 31.2 years and a mean duration of lupus nephritis
of 2.7 years. The median patient follow-up was 5.0 years (range 1.0-20.0 years). At study
entry, 32% of patients had an elevated serum creatinine level (defined individually by study),
and proteinuria averaged 3.6 gm daily. Forty-six studies (25%) specifically excluded patients
with chronic kidney disease at entry. The ethnic composition of study cohorts in developed
countries did not vary over time (see Supplementary Figure 1, online at http://
onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract).

The main analysis of ESRD risk included 102 studies from developed countries and 46
studies from developing countries. The contribution of each study to ESRD risk estimates
over time is shown in Supplementary Figures 2 and 3, online at http://
onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract. Renal biopsy confirmation of lupus
nephritis was reported in 84% of patients in studies from developed countries and in 83% of
patients in studies from developing countries. Among studies in developed countries, the
estimated risk of ESRD at 5 years of lupus nephritis in 1970-1979 was 16% (95% CI 14—
17%) (Figure 2). This risk decreased gradually until the mid-1990s, when it plateaued at
11% (95% CI 10-12%). ESRD risks at 10 years and 15 years showed steeper declines in the
1970s and 1980s, but also plateaued in 1993-1997 at 17% (95% CI 16-18%) and 22% (95%
Cl 20-23%), respectively. There was a notable increase in risks in the late 2000s,
particularly in the 10-year and 15-year estimates, but these did not appear to persist after
2011.
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Data from developing countries did not extend prior to 1984, which limited the assessment
of trends (Figure 2). ESRD risks at 5 years and 10 years were relatively stable over time at
12% (95% CI1 11-13%) and 19% (95% CI 18-20%), respectively, while there was a slight
decrease in the 15-year risk to 26% in the late 2000s. ESRD risks at 5 years were only
slightly higher in developing countries than in developed countries during the 2000s, but 15-
year risks were 10 percentage points higher in developing countries (see Supplementary
Figure 4, online at http://onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract).

ESRD risks were higher in clinical trials than in observational studies (see Supplementary
Figure 5, online at http://onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract). Because
trials were of shorter duration and tended to include fewer patients, the overall results
closely reflected those of the observational studies. Sixteen studies were designated high
quality (see Supplementary Appendix F, online at http://onlinelibrary.wiley.com/doi/
10.1002/art.39594/abstract), which provided too little data for meaningful analysis (see
Supplementary Figure 6, online at http://onlinelibrary.wiley.com/doi/10.1002/art.39594/
abstract).

Results of the sensitivity analysis in which the contributions of long-term studies were
truncated to 10 years after the midpoint of enrollment showed a similar pattern, but with a
more pronounced decline in the 1990s and a more prominent increase after 2000 among
studies from developed countries (Figure 3). This suggests that including long-term studies
in windows after 10 years tended to attenuate changes in ESRD risks over time.

Over time, the proportion of patients treated with glucocorticoids alone in these studies
decreased from 54% in 1966 to 9% in 2010, while the proportion treated with
immunosuppressive agents increased (Figure 4). The decrease in ESRD risk after 1980
corresponded to increased use of immunosuppressive medications, particularly
cyclophosphamide. Use of azathioprine remained stable in recent years, while studies
reporting the use of mycophenolate mofetil and cyclosporine increased. The serum
creatinine level at study entry and the time between onset of lupus nephritis and study entry
were stable over time, suggesting no substantial differences in the time to presentation or
treatment initiation among early and later studies (see Supplementary Figure 7, online at
http://onlinelibrary.wiley.com/doi/10.1002/art.39594/abstract).

Renal histologic class—specific ESRD risks

Histologic class—specific results were from 39 studies with 70 class-specific strata (17 class
111, 34 class 1V, and 19 class V) from developed countries, and from 30 studies with 51
class-specific strata (11 class 11, 22 class 1V, and 18 class V) from developing countries (see
Supplementary Figure 8, online at http://onlinelibrary.wiley.com/doi/10.1002/art.39594/
abstract). ESRD risks in these studies showed less evidence of improvement between the
1970s and 1990s (Figure 5) than did ESRD risks in studies in the main analysis. There was
more volatility in risks from 1995 to 2010 in studies from developed countries, with slowly
increasing risks in recent years in the class IV group. ESRD risks were highest among
patients with class 1V lupus nephritis, with 5-year, 10-year, and 15-year risks of 19% (95%
Cl 12-29%), 33% (95% CI 22-44%), and 44% (95% CI 32-56%), respectively, in studies
from developed countries from 2000 to 2006 (Figure 5). Five-year risks in patients with
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class V (membranous) lupus nephritis were low and generally decreased over time. The 5-
year, 10-year, and 15-year risks in patients with class V lupus nephritis in developed
countries from 2000 to 2006 were 4% (95% CI 2-8%), 11% (95% CI 6-18%), and 20%
(95% CI 13-28%), respectively.

DISCUSSION

In this meta-analysis, the risks of ESRD in lupus nephritis in developed countries decreased
substantially from the 1970s to the mid-1990s, but have since remained largely unchanged.
Although historical data were limited, ESRD risks in developing countries also did not
decrease during the 2000s. Results were similar when only observational studies were
examined.

Although there is a clinical impression that ESRD risks in lupus nephritis have decreased
over the past 40 years, few studies have examined changes in these risks. Of 5 single-center
cohort studies that compared trends in ESRD between the 1970s or early 1980s and the
1990s or early 2000s, only 1 study showed improvement (6,17,28-30). In that study, 6 of 15
patients who presented with lupus nephritis in 1980-1989 had disease that progressed to
ESRD, compared to none of 41 patients who presented with lupus nephritis in 1990-2000,
although the follow-up in the latter group was only 2 years (30). National statistics from the
US indicated that the incidence of treated ESRD due to lupus nephritis increased from 1982
to 1995, proportional to that of other causes of ESRD, and then plateaued but did not
decrease between 1996 and 2004 (31).

Our analysis documents for the first time clear improvement in ESRD risk between the
1970s and mid-1990s in developed countries, with absolute decreases of 10% in 10-year and
15-year risks. Less marked improvement was seen in 5-year risks and in developing
countries. The improvement coincided with increased use of immunosuppressive agents,
particularly cyclophosphamide. While the use of immunosuppressive treatments likely
played a major role in the decrease in ESRD risks, other factors may have contributed,
including better control of hypertension and proteinuria. Delays in diagnosis and treatment
are associated with risk of ESRD in patients with lupus nephritis, but we did not find
temporal trends in baseline renal function or time to diagnosis that might have accounted for
improvements in ESRD risk among these studies (17,30,32,33). These results should not
imply a lack of improvement in time to diagnosis, the study of which would require
assessment of patients in the same locality over decades. Attribution of temporal
improvements in this study to any given factor, including individual medications, is difficult
because these associations are necessarily ecological. However, examining outcomes in
association with changes in treatment strategies over time provides a means to learn about
long-term effectiveness.

We did not observe a similar decrease in ESRD risks between 1970 and 1990 in the
histologic class—specific analyses, principally because ESRD risks in the class-specific
analyses were low in the early years. For example, in developed countries, the 5-year ESRD
risk in patients with class IV lupus nephritis in 1970-1979 was 15%. This risk was similar to
the 16% risk in the main analysis that included all histologic classes, despite class 1V being
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the subclass with the highest risk. This pattern suggests that in the early years, class-specific
studies with good outcomes may have been selectively reported.

Despite extensive use of immunosuppressive medications through the 2000s, we did not find
continued improvement in ESRD risks; instead, we found a slight increase in risks in the late
2000s. The increase did not appear to be attributable to increased representation of ethnic
minorities, who may be more likely to develop ESRD, in recent studies (34-36). In the main
analysis, trends suggest that this increase may have been temporary, but further follow-up
will be needed to determine if this is sustained. Among the histologic class—specific studies,
the increase was most notable in the class IV group, where it was persistent. This pattern
suggests that changes specific to patients with this class of lupus nephritis may be
responsible for the trends seen in the overall group. The most prevalent recent change in this
subset of patients has been a shift in treatment away from high-dose cyclophosphamide,
raising the question of whether these new treatment approaches result in different long-term
outcomes.

More broadly, the plateau in risk since the mid-1990s might be interpreted to mean that the
limits of effectiveness of current treatments have been reached, and that further
improvements in lupus nephritis outcomes will require new treatments. However, it is also
possible that the plateau primarily reflects lack of progress in the way currently available
and effective treatments are deployed. This includes health system factors that result in
delays in treatment initiation and patient and health system factors that result in treatment
interruptions and reduced adherence (4,18,34,37). Other potential explanations for the recent
increase in ESRD risk, specifically among patients with proliferative nephritis, include an
increased number of clinical trials in recent years or the inclusion of more severely affected
patients generally. However, in developed countries, the increase was most prominent in
observational studies, and the serum creatinine level at study entry and the time between
onset of lupus nephritis and study entry were stable over time.

We anticipated that health system barriers would be more prominent in developing countries
and may have been responsible for the higher 10-year and 15-year ESRD risks in developing
countries. For example, in 2 recent studies, ESRD prevalence was 21% after a mean of 2
years in a Moroccan cohort and 30% after a mean of 4.7 years in a South African cohort
(38,39). High serum creatinine levels at baseline in both cohorts suggested delays in
diagnosis. We did not find differences in ESRD risks between developed and developing
countries in studies of patients who had undergone renal biopsies, likely because access to a
biopsy in developing countries was an indicator of access to high-quality care. In recent
studies, the largest proportion of risk occurred in the first 5 years of lupus nephritis. This
pattern suggests that response to treatment early in the course of lupus nepbhritis is critical in
the preservation of renal function. Later risk may be a consequence of scarring, recurrent
renal inflammation, and transformation to more aggressive subtypes.

Our study is limited in that we did not estimate risks beyond 15 years, because few studies
included longer follow-up. We included both clinical trials and observational studies to
provide a broader assessment of outcomes, but findings were similar when only
observational studies were considered. We did not examine outcomes other than ESRD.
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However, ESRD is arguably the most important renal consequence of lupus nephritis.
Improvements in survival over time could have increased the proportion of patients living
with lupus nephritis and therefore at risk of ESRD. However, decreases in ESRD risks were
seen during the 1970s and early 1980s, a period during which survival improved in patients
with SLE (40). Short-term survival in SLE has been largely stable since the late 1980s,
suggesting that changes in patient survival are not responsible for the trends in ESRD that
we observed (41). Changes in ESRD risks due to improved survival would be expected to
have been more gradual than those that we found. Due to limited data, we did not examine
other factors that have been associated with ESRD in lupus nephritis, including primary
treatment responses, renal flares, and uncontrolled hypertension. Few studies were judged to
be of high quality. We also do not know the extent to which publication bias may have
influenced the results.

These results can be used to counsel patients on risks of ESRD. They also provide
benchmarks by which to judge the effectiveness of future treatments. Seventy-eight percent
of contemporary patients with lupus nephritis do not develop ESRD, likely because of mild
disease or access to effective treatments. However, for the 22% of patients overall and the
44% of patients with class 1V lupus nephritis who develop ESRD within 15 years, the risk is
greatest in the first 5 years. Knowing whether these early losses reflect primary treatment
failures or ineffectiveness due to delayed treatment initiation or poor adherence will indicate
the strategies needed to reduce these risks.
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2039 articles identified: 1171 PubMed, 804 Embase, 23 Cochrane, 41 hand search [

HI 458 duplicates excluded |

1581 screened based on title and abstract

1186 excluded:
552 case reports
454 unrelated topic
131 reviews/conference abstracts
49 pediatric cohorts

395 full text articles assessed for eligibility

4 data from authors

212 excluded:
75 same cohort as included article
69 follow-up <12 months
38 incomplete data on ESRD
17 patients with advanced CKD at entry
6 sample < 10 patients
7 composite renal endpoint only

I 187 articles included

\2

Main Analysis

102 studies from developed countries
46 studies from developing countries

Figurel.

2

Renal histological class-specific sub-analysis
39 studies from developed countries
30 studies from developing countries

Page 12

Flow diagram of the literature search and study inclusion. ESRD = end-stage renal disease;

CKD = chronic kidney disease.
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Figure 2.
Estimated risk (solid lines) of end-stage renal disease (ESRD) at 5 years, 10 years, and 15

years of lupus nephritis in developed countries (105 studies) and developing countries (51
studies), by calendar year of observation, for studies of patients with a clinical diagnosis of
lupus nephritis or reporting results for more than one renal histologic class of lupus
nephritis. Each individual study contributed to risks starting at the median year of its
enrollment period and extending to the end of its observation period. Dashed lines represent
95% confidence limits.
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Figure 3.
Estimated risk (solid lines) of end-stage renal disease (ESRD) at 5 years, 10 years, and 15

years in developed and developing countries, including data for given studies from the
midpoint of enrollment to the end of observation, truncating the study’s contribution at 10
years after the midpoint of enrollment for any study for which follow-up longer than 10
years was reported. Dashed lines represent 95% confidence limits.

Arthritis Rheumatol. Author manuscript; available in PMC 2017 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Tektonidou et al.

Page 15

=== Glucocorticoids only === Mycophenolate mofetil
50 = === Cyclophosphamide === Cyclosporine

=== Azathioprine

40 4

Use percentage
S
1

n
o
1

T T T T T
1970 1980 1990 2000 2010
Year

Figure 4.
Trends in corticosteroid and immunosuppressive treatment among studies of lupus nephritis.
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Figure5.
Estimated risk (solid lines) of end-stage renal disease (ESRD) at 5 years, 10 years, and 15

years of class 111, class 1V, and class V lupus nephritis in developed countries (17, 34, and 19
studies, respectively) and developing countries (11, 22, and 18 studies, respectively), by
calendar year of observation. Each individual study contributed to risks starting at the
median year of its enrollment period and extending to the end of its observation period.
Dashed lines represent 95% confidence limits. Estimates at years in the tails of the data
range in studies from developing countries reflect sparse data.
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