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BRIEF REPORT

Lupus, a Leading Cause of Years of Potential Life Lost in
Young Women: Implications for Public Health Priorities
and Research Funding

EricY. Yen, MD, MS, MPH," Elizabeth J. Park, BS," and Ram Raj Singh, MBBS, MD"#3#

Objective. Premature mortality burden is an important component of disease burden and can help guide health
care and research priorities. However, relying solely on mortality rates may underestimate lupus mortality burden
because a substantial proportion of deaths occur at younger ages. Years of potential life lost (YPLL) captures prema-
ture mortality by applying a predefined age threshold. We estimated the YPLL from lupus in US women relative to lead-
ing causes of death and other autoimmune diseases.

Methods. Using the US population-based national Multiple Cause-of-Death database, we obtained death counts
for 28 diseases, including lupus, the Centers for Disease Control and Prevention’s 15 leading causes of death, and
12 additional autoimmune diseases. We calculated YPLL before age 75 years by summing 75 minus age at death for
deaths occurring before age 75. Official cause-of-death rankings were obtained from the Web-based Injury Statistics
Query and Reporting System (WISQARS). Sensitivity analyses were repeated in female decedents during 2018 to 2024.

Results. From 2000 to 2015, 304.2 thousand years were lost to lupus in US women aged 15 to 44 years. Lupus-
associated YPLL ranked 14th in women aged 15 to 44 years and 9th in women aged 15 to 24, exceeding diabetes mel-
litus, HIV disease, septicemia, chronic lower respiratory disease, anemias, nephritis, and cerebrovascular disease.
Among autoimmune diseases, lupus YPLL ranked first in women aged 15 to 24 years and second in women aged
15 to 44 years.

Conclusion. Lupus is a major contributor to premature mortality in young women. Quantifying premature mortality
burden through YPLL provides a complementary public health perspective and may inform prioritization of research

and public health initiatives.
INTRODUCTION

Disease burden encompasses the impact of a health condi-
tion on a specific region or population, serving as a vital tool for
establishing health care and research priorities while pinpointing
high-risk groups. It can be gauged through various metrics,
including morbidity, disability, financial cost, and mortality.
We previously reported that lupus mortality remains dispro-
portionately high compared to mortality rates in the general po-
pulation.”? However, in the commonly reported crude and
age-adjusted mortality, the weighted emphasis is placed on natu-
ral causes of death in the elderly. Therefore, relying solely on
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mortality rates may not provide a comprehensive mortality burden
of lupus,® as a substantial proportion of those who succumb to
the disease do so before the age of 45."* Premature mortality,
therefore, represents a crucial measure for quantifying disease
burden.®

The years of potential life lost (YPLL) represents mortality as
years of healthy life lost due to premature death.® It takes into
account the age at which deaths occur, giving greater weight to
deaths at a younger age and lower weight to deaths at older
age. YPLL is used in public health planning to compare the rela-
tive importance of different causes of premature death within a
given population, to set priorities for prevention, and to compare
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the premature mortality experience between populations. For dis-
eases such as lupus, which frequently affect young women and
may lead to death during adolescence, early adulthood, or midlife,
YPLL may provide a more informative measure of mortality bur-
den than mortality rates alone. To our knowledge, there are no
reports of large population-level YPLL in lupus.

Lupus is a predominantly female, chronic autoimmune dis-
ease. Of 62,843 lupus deaths in the US national mortality data-
base, 84% were in women." Furthermore, placement of lupus
deaths among Centers for Disease Control and Prevention
(CDC)‘s leading causes-of-death ranking list revealed that lupus
ranked within the top 15 leading causes of death in reproductive
age (15-44 years) women, including its 10th ranking in the 15-
to 24-year-old female decedents.” After excluding the three com-
mon external injury causes of death (unintentional injury, suicide,
and homicide) from analysis, lupus ranked 5th among Black and
Hispanic women and 7th among all women in the 15- to 24-year
age group. These findings underscore lupus as an important pub-
lic health issue in young women and suggest that premature mor-
tality is a key component of lupus burden.

To assess the relative burden of lupus among the leading
causes of premature death in young women, we measured YPLL
in reproductive age (15-44 years) female decedents for lupus rel-
ative to the CDC’s top 15 leading causes of death. Since lupus is
among the top 10 leading causes of death in 15- to 24-year-old
female decedents, we repeated YPLL measurements in this age
group. To determine the burden of premature lupus mortality rela-
tive to other autoimmune diseases, which are also common in
young women, we measured YPLL for 12 other autoimmune dis-
eases. We also describe National Institutes of Health (NIH) funding
for lupus relative to several diseases with similar premature mor-
tality burden. This study adds to previous mortality work by using
YPLL to provide a complementary public health perspective on
lupus mortality in young women.

MATERIALS AND METHODS

Data source. This is a population-based study using CDC’s
National Vital Statistics System mortality database,® which main-
tains data provided by various jurisdictions that are legally respon-
sible for the registration of vital events and information extracted
from death certificates. This database encompasses more than
99% of deaths of US residents in all 50 states and the District of
Columbia.

Data on death counts were obtained from the CDC’s Wide-
ranging Online Data for Epidemiologic Research (CDC WONDER)
Multiple Cause-of-Death database for 16 years (2000-2015), as
described previously.” The multiple-cause-of-death file includes
both the underlying cause of death and contributing causes
recorded on each death certificate. Number of deaths in women
were tabulated for 28 diseases, including the top 15 leading
causes of death from CDC’s official leading-causes-of-death

ranking,” lupus, and 12 other autoimmune diseases at different
ages using the International Classification of Diseases (ICD)-10
codes. ICD-10 codes for all diseases in this study are included in
the respective figures and tables. Data on the leading causes of
death were also obtained from the CDC WONDER Web-based
Injury Statistics Query and Reporting System (WISQARS) data-
base, the CDC’s web-based injury statistics and reporting sys-
tem.” For autoimmune diseases, deaths were identified when
the disease was listed as either an underlying cause or a contrib-
uting cause of death. Because multiple causes can be listed on
a single death certificate, disease-specific counts in the multiple-
cause-of-death data set are not mutually exclusive. Accordingly,
a single death record could contribute to more than one
disease-specific count if more than one qualifying conditions were
listed.

Data on funding for lupus and other diseases were retrieved
from the NIH Research Portfolio Online Reporting Tools
(RePORT), the NIH public reporting system for categorical
research spending. The funding analysis was limited to publicly
reported NIH categorical spending and does not include support
from other federal agencies, foundations, or industries.

YPLL calculation. We calculated YPLL before age 75 years
for each condition as: Z(d; x [75 — age]) for deaths occurring at
ages <75 years, where d; is the number of deaths at age i. We
selected age 75 years because it is close to US life expectancy,
and YPLL before age 75 is a widely used public health threshold
in the United States.

Sensitivity analysis. We repeated the aforementioned
analyses, including YPLL calculation and ranking, in female US
decedents from 2018 to 2024 as a sensitivity analysis.®

RESULTS

There were 28,411 deaths with lupus recorded as the under-
lying or a contributing cause of death in women from 2000
through 2015. In the sensitivity analysis (2018-2024), 24,531
female decedents had lupus recorded as a cause of death. The
age distribution of female lupus deaths and the ranking of lupus
deaths relative to the CDC'’s official 20 leading causes of death
in women’ revealed that lupus ranked among the top 15 leading
causes of death at ages 15 to 24, 25 to 34, and 35 to 44 during
both time periods (2000-2015 and 2018-2024) (Supplemental
Table S1). The highest ranking of lupus among the leading causes
of death was seen at 15 to 24 years of age in both time periods.

The YPLL for lupus relative to the official 15 leading causes of
death in women is shown in Figure 1. From 2000 to 2015, 304.2
thousand years were lost to lupus in reproductive age (15-44
years) female decedents where lupus ranked as the 14th leading
cause of death. Lupus ranked higher (9th) in the 15- to 24-year
age group, above diabetes mellitus, HIV, septicemia, chronic
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2000-2015 15-44-year-old No. of 15-24-year-old No. of
LA AW L A5 %  death %  death

Unintentional Injury A 18,3462 30.6 188,489 [ Injury A 13,1135 51.9 56,438
Malignant (C00-C97) 67488 24.8 162,159 Suicide (U03,X60-X84,Y87.0) w6795 113 12328
Heart Disease # WN30968 114 81467 Homicide (U01-U02,X85-Y09,Y87.1) 9.7 10668
Suicide (U03,X60-X84,Y87.0) 23205 85 54,128 Malignant (C00-C97) 96 10454
Homicide (U01-U02,X85-Y09,Y87.1) 15326 56 33983 Heart Disease # -{ I 51 5624
ia (A40-Ad41) 32 10,204 Congenital Anomalies (Q00-Q99) I 26 2820
HIV (B20-B24) 25 22,827 cComplicated Pregnancy (O00-099) -Jmmmmmmm 22 2502
Diabetes Mellitus (E10-E14) 25 17,599  Influenza & Pneumonia (J09-J18) - 12 1358
Influenza & ia (J09-J18) 18 10,751 Lupus (M32) - 1.1 1226
f regnancy (000-099) 18 11,116 Diabetes Mellitus (E10-E14) -jummml 11176
(160-169) 16 3,122 HIV (B20-B24) 09 1060
Congenital Anomalies (Q00-Q99) | IEEEEE—_—_—_=_G 15 9219 Septicemia (A40-A41) 09 1023
CLRD (J40-J47) - 14 9,960 CLRD (J40-J47) 09 1012
Lupus (M32) 117,303 Anemias (D50-D64) {mm 06 685
Nephritis $ 11 7,660 Nephritis $ mm 0(15 619
Anemias (D50-D64) 05 3392 Cerebrovascular (160-169) 0. 135
0 200 400 600 800 1000 0 200 400 600
2018-2024

Unintentional Injury A 158998 391 137,787 Unintentional Injury A 114215 489 26,107
Malignant (C00-C97) W23054 153 60,636 Suicide (U03,X60-X84,Y87.0) W 4721 162 8566
Suicide (U03,X60-X84,Y87.0) WN14052 93 31,706 Homicide (U01-U02,X85-Y09,Y87.1) W 3060 105 5589
Heart Disease # 13837 92 36,274 Malignant (C00-C97) w2110 73 3825
Homicide (U01-U02,X85-Y09,Y87.1) W 8118 54 17,894 Heart Disease # 40 2,139
CLDC (K70, K73-74) 40 16,324  Congenital ies (Q00-Q99) 23 1217
COVID-19 (U07.1) 38 14,874  Compli gnancy (000-099) 21 1,166
Diabetes Mellitus (E10-E14) -/ S 2.7 10,515 COVID-19 (U07.1) - 18 992
i y (000-099) 23 8220 Diabetes Mellitus (E10-E14) I 15 809
Cerebrovascular Disease (160-169) -JI—————— 2.1 8237 CLRD (J40-J47) {mmmmmnn 1.0 546
Influenza & Pneumonia (J09-J18) - 13 4,893 Cerebrovascular (160-169) -jmm— 1.0 516
Septicemia (A40-A41) - 12 4739 Influenza & Pneumonia (J09-J18) - 1.0 515
Congenital Anomalies (Q00-Q99) ~{I— 12 4113 Lupus (M32 and L93) 07 404
CLRD (J40-47) s 114174 Septicemia (A40-A41) 07 371
Lupus (M32 and L93) 10 3,688 1S/B/U Neoplasms (D00-D48) 04 212
Nephritis $ E 10 3775 Anemias (D50-D64) 04 203

Top 15 offici . 0 100 200 300 400 500 600 700 Top 15 offici ) 0 50 100 150

causes of death and SLE YPLL (in thousands) causes of death and SLE YPLL (in thousands)
Figure 1. YPLL for lupus relative to the official 15 leading causes of death in the United States, 2000 to 2015 (upper panels), and 2018 to 2024

(lower panels). YPLL before age 75 years among female deaths at 15- to 44-years of (reproductive) age (left panels) and 15- to 24-years of age
(right panels) was estimated for the Centers for Disease Control and Prevention’s top 15 leading causes of death and for lupus. Numbers on the
bars represent the proportion of YPLL for the listed causes of death. ICD-10 codes: "V01-X59, Y85-Y86; *100-109, 111, 113, 120-I51; $N00-NO7,
N17-N19, N25-N27. CLDC, chronic liver disease and cirrhosis; CLRD, chronic lower respiratory disease; ICD, International Classification of Dis-
eases; IS/B/U, in situ, benign, and unknown; SLE, systemic lupus erythematosus; YPLL, years of potential life lost.

lower respiratory disease, anemias, nephritis, and cerebrovascu-
lar disease (Figure 1, 2000-2015). After excluding the three com-
mon external injury causes of death (unintentional injury, suicide,
and homicide) from analysis, lupus ranked 11th in the 15- to
44-year age group and 6th in the 15- to 24-year age group. In
sensitivity analyses (Figure 1, 2018-2024), lupus YPLL ranked

13th in the 15- to 24-year age group and 15th in all reproductive
age women. Despite the high YPLL ranking, NIH research funding
for lupus is lower relative to several other leading causes of death
(Table 1).

Finally, we measured YPLL for lupus relative to 12 other
common autoimmune diseases (Figure 2). Lupus ranked number

Table 1. NIH categorical research funding for the leading causes of death and lupus*

Leading causes? 2013°  2023°  2024°
Accidents (unintentional injuries) (VO1-X59, Y85-Y86) 367 894 892
Malignant neoplasms (CO0-C97) 5274 7,968 8,050
Diseases of heart (100-109, 111, 113, 120-151) 1,230 1,883 1,769
Intentional self-harm (suicide) (U03, X60-X84, Y87.0) 37 187 190
Assault (homicide) (U01-U02, X85-Y09, Y87.1) <0.5 8 12
Chronic liver disease and cirrhosis (K70, K73-K74) 282 447 444
COVID-19 (U07.1) NA 132 106
Diabetes mellitus (E10-E14) 1,007 1,187 1,151
Cerebrovascular diseases (160-169) 282°¢ 1,140 1,164
Pregnancy, childbirth and the puerperium (O00-099) 215¢ 702 644
Influenza and pneumonia (J09-J18) 407 654 619
Septicemia (A40-A41) 88 191 182
Chronic lower respiratory diseases (J40-J47) 333 469 461
Congenital malformations, deformations and chromosomal abnormalities (Q00-Q99) NA 636 596
Lupus (M32, L93) 92 138 138
Nephritis, nephrotic syndrome and nephrosis (NOO-NO7, N17-N19, N25-N27) 551 703 717

*Source: NIH RePORT categorical spending data. NA, funding support data not available before the initial year
reported; NIH, National Institutes of Health; RePORT, Research Portfolio Online Reporting Tools.

In 15- to 44-year-old female decedents.
Dollars in millions and rounded.
Stroke.

dpreterm, low-birth weight, and health of the newborn; teenage pregnancy.
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15-44-year-old No. of 15-24-year-old No. of
2000-2015 % death % death
Glomerulonephritis A :| 38.3 16,556 Lupus (M32) | 31.6 1,226
Lupus (M32) 18.4 7,303 Glomerulonephritis A 26.2 1,019
Insulin dependent diabetes (E10) - 145 6,155 Myocarditis # 4 16.7 634
Myocarditis # 8.9 3,556 Insulin dependent diabetes (E10) 4 115 449
Multiple sclerosis (G35) 4 8.4 3,829 Systemic Sclerosis (M34) | 29 114
Systemic Sclerosis (M34) 4 3.9 1,705 Rheumatoid arthritis (M5, M6, M08) - 2.5 98
Rheumatoid arthritis (M05, M06, M08) 26 1,124 Multiple sclerosis (G35) 22 87
Addison’s disease (E27.1, E27.2, E27.4) 16 669 addison's disease (E27.1, E27.2, E27.4) 4 2.1 83
Dermatomyositis (M33) 4 11 444 Myasthenia gravis (G70.0) 1.6 60
Chronic active hepatitis (K73) 4 0.9 380 Dermato Lupus s (M33) 12 48
Myasthenia gravis (G70.0) { 08 315 Chronic active hepatitis (K73) 1 0.9 35
Primary biliary cirrhosis (K74.3) 4 03 146 Autoimmune hemolytic anemia (D59.1) 0.4 15
Autoimmune hemolytic anemia (D59.1) 4 03 127 Primary biliary cirthosis (K74.3) 0.1 3
0 200 400 600 800 0 20 ) 60 80
2018-2024
Glomerulonephritis A 37.2 7,636 Glomerulonephritis A 24.4 407
Lupus (M32 and L93) _ 19.0 3688 Lupus (M32 and Lga)_ 24.0 404
Insulin dependent diabetes (E10) 17.6 3392 Insulin dependent diabetes (E10) 20.3 340
Myocarditis # 9.4 1802 Myocarditis # 4 17.5 287
Multiple sclerosis (G35) 6.4 1221 Addison’s disease (E27.1, E27.2, E27.4) 6.0 99
Addison’s disease (E27.1, E27.2, E27.4) 29 554 Rheumatoid arthritis (M05, M08, M08) 27 45
Rheumatoid arthritis (M05, M08, M08) 29 595 Systemic Sclerosis (M34) 1.8 31
Systemic Sclerosis (M34) 24 485 Multiple sclerosis (G35)4 1.2 21
Dermatomyositis (M33) 0.8 163 Dermatomyositis (M33)4 0.8 14
Myasthenia gravis (G70.0) 0.6 114 Autoimmune hemolytic anemia (D59.1) 0.6 10
Autoimmune hemolytic anemia (D59.1) 0.4 68 Myasthenia gravis (G70.0) 04 7
Primary biliary cirrhosis (K74.3) 03 62 Chronic active hepaitis (K73)- 0.1 2
Chronic active hepatitis (K73) 03 56 Primary biliary cirrhosis (K74.3)4 0.1 1
0 100 200 300 0 5 10 15 20 25
SLE and 12 other. SLE and 12 other
-autoimmune diseases YPLL (in thousands) autoimmune diseases YPLL (in thousands)

Figure 2. YPLL in women for lupus relative to other autoimmune diseases in the United States, 2000 to 2015 (upper panels) and 2018 to 2024
(lower panels). YPLL before age 75 years among women deceased at 15 to 44 years (reproductive age) (left panels) and 15 to 24 years of age (right
panels) was estimated for selected autoimmune diseases. Numbers on the bars represent the proportion of YPLL for the listed causes of death.
ICD-10 codes: "N0OO, NO1, NO3, NO5, N18; #140.1, 140.8, 140.9, I51.4, 151.8. ICD, International Classification of Diseases; SLE, systemic lupus ery-

thematosus; YPLL, years of potential life lost.

1in the 15- to 24-year age group and number 2 in all reproductive
age women (2000-2015) and number 2 in both age groups
(2018-2024).

DISCUSSION

This study is the first population-based estimation of lupus-
associated YPLL. It applies YPLL to provide a complementary
public health measure of premature lupus mortality burden rela-
tive to both the leading causes of death and other autoimmune
diseases in young women. We highlight that lupus is among the
leading causes of YPLL in young women and a top cause of YPLL
among common autoimmune diseases in young women.

YPLL is used as a measure to highlight the specific causes of
deaths within younger age groups.® In constructing YPLL as a
measure of premature death, an arbitrary limit to life is chosen,
thus causing any death later than that age to contribute nothing to
the burden of disease.® This methodologic issue is particularly influ-
ential if a large number of patients with a disease live past the cutoff
age with good quality of life. For example, in the only report that we
found of YPLL in lupus, 50 decedents from Oslo, Norway, 1999 to
2009, had YPLL calculated before 60 years of age,4 which will
affect estimates of premature death burden because a substantial
proportion (36%-51%) of lupus deaths occur after 65 years of
age (Supplemental Table S1). Hence, we used 75 years as the pre-
defined upper age limit for calculating YPLL.

A larger YPLL can be attributed to a greater number of
deaths, younger ages at death, or a combination of both. It is
encouraging that the proportion of deaths in the <45-year age
group decreased from 26.1% during 2000 to 2015 to 15.1% dur-
ing 2018 to 2024, with a lower ranking of lupus YPLL in 2018 to
2024 than in 2000 to 2015.

Use of the largest female lupus decedent population to date
(62,942) and an unbiased inclusion of all US deaths are strengths
of this study. However, the results of studies using national mor-
tality databases should be interpreted with some caution.® A limi-
tation is the quality of information given on the death certificates.
Underrecording of lupus on death certificates likely biases esti-
mates downward because lupus may not be recorded on the
death certificates in as many as 32% to 59% of patients with
lupus in the United States.® Furthermore, the ranking for some
other leading causes of YPLL may be higher than their actual
rank; for example, death certificates tend to overestimate cardio-
vascular disease mortality.’® The likelihood of overestimating
lupus mortality is low, because lupus is unlikely to be perceived
as a proximate cause of death without clear clinical manifesta-
tions. Consistently, only 2 (0.27%) of the 731 decedents for whom
lupus was recorded on the death certificate had lupus errone-
ously recorded as a cause of death (when the decedents did not
have lupus).!" In addition, because the multiple-cause-of-death
data are not mutually exclusive, these rankings should be inter-
preted as comparisons of disease-specific premature mortality
burden rather than a partitioning of all deaths.
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Underreporting of lupus on death certificate may occur when
deaths are coded under proximate manifestations or complica-
tions such as infection, renal failure, nephritis, or cardiovascular
disease rather than lupus itself. Death certificate data can also
be ambiguous when lupus activity, treatment complications, and
related conditions all contribute to a patient’s death. Underreport-
ing of lupus on death certificate is less common in younger indi-
viduals and those who die of active disease and lupus nephritis
but is significantly higher in older lupus decedents and those
where the proximate cause of death is deemed to be a cancer
or a cardiovascular event.""12 Thus, while underrecording may
affect mortality rates and lower the rank of lupus on the leading-
cause list, it is likely to have a relatively smaller impact on YPLL
than that on the overall mortality rate. Nevertheless, the lupus-
associated YPLL ranked among the top 15 leading causes of
death in young women.

YPLL represents the impact of only fatal outcomes on popu-
lation health. It does not account for the impact of nonfatal health
outcomes, which can be measured by the years of life lost due to
disability (YLD). In this regard, the disability-adjusted life years rep-
resents a measure of overall disease burden and is calculated as
the sum of the YPLL (mortality as years of healthy life lost due to
premature death) and the YLD (years of healthy life lost due
to nonfatal health outcomes).”® Allocation of public health
resources should be based, where feasible, on objective assess-
ments of health status, burden of disease, disability, preventabil-
ity, and related costs.®

In 2023, the NIH’s funding for lupus was $138 million in
research. This is in comparison to $703 million for nephritis and
nephrotic syndrome, $447 milion for chronic liver diseases,
$1,140 million for cerebrovascular diseases, $1,187 million for
diabetes mellitus, and $7,968 million for malignant neoplasms.
However, NIH RePORT does not include all other potential
sources of support, and NIH funding categories do not map per-
fectly onto disease categories used in mortality analyses. There-
fore, these funding comparisons should be interpreted as
contextual rather than definitive.

In conclusion, our findings underscore lupus as an important
public health issue in young women. The YPLL ranking gives a
new and meaningful perspective regarding premature mortality
in lupus and supplements other methods of assessing disease
burden. Recognition of lupus as a leading contributor to prema-
ture mortality may inform public health reporting, prevention prior-
ities, and research prioritization, while acknowledging that funding
decisions across diseases should incorporate multiple dimen-
sions of burden, preventability, and opportunity for impact.
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