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Introduction
Alzheimer’s disease (AD) is a neurodegenerative disorder char-
acterized by accumulation of β-amyloid plaques and neuro-
fibrillary tangles in brain tissue. These result in symptoms of 
progressive memory loss and cognitive dysfunction. AD is the 
sixth leading cause of mortality in the United States, and its 
prevalence is rapidly increasing.1 In 2010, >35 million people 
worldwide were estimated to live with dementia; this estimate 
is expected to quadruple by 2050.2 Increased efforts to prevent 
AD are therefore warranted; however, knowledge regarding 
modifiable AD risk factors remains limited.

The etiology of AD is complex, chronic, and multifactorial, 
involving a combination of genetic and environmental factors. 

Brain changes such as amyloid beta (Aβ) deposition may begin 
≥20 years before AD symptoms appear.3 Well-established, non-
modifiable risk factors for AD include older age,4 apolipopro-
tein E genotype e4 allele,5 and family history of dementia.6 
Modifiable risk factors that have been well studied in recent 
years include cognitive reserve, i.e., education attainment,7 
physical activity,8 and cardiovascular risk factors (hypertension, 
obesity, diabetes, and smoking).9 Proposed environmental risk 
factors for AD include particulate matter,10 lead,11,12 and other 
metals and trace elements13,14; but to date, these have not been 
as well studied.

Lead is a heavy metal used extensively as an additive in gas-
oline and paint, leading to historic and current environmental 
contamination and exposure worldwide.15 For diseases with 
a long latency period, including AD,3 the exposures leading 
to these conditions would have occurred decades before the 
onset of clinical disease. Therefore, although lead exposure has 
decreased in recent decades, it is likely that new AD cases would 
have been affected by exposures which occurred decades earlier, 
at a time when lead exposures were much higher.12 Meanwhile, 
even low lead exposure is of public health concern: evidence 
suggests that blood lead levels below the US Centers for Disease 
Control and Prevention action level of 5 µg/dl may still con-
tribute to detrimental health impacts.16,17 Lead exposure is 
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Background: Previous studies suggest that cumulative lead exposure is associated with cognitive decline, but its relation with 
Alzheimer’s disease (AD) remains unclear. Therefore, this study investigated the longitudinal association between blood lead level 
(BLL) and AD mortality.
Methods: This study included 8,080 elders (60 years or older) with BLL data from the 1999 to 2008 US National Health and Nutrition 
Examination Survey. Mortality was determined from linked 1999–2014 National Death Index data. A causal diagram presented causal 
assumptions and identified a sufficient set of confounders: age, sex, poverty, race/ethnicity, and smoking. Cox proportional hazard 
models were used to determine the association between BLL and subsequent AD mortality. Impacts of competing risks and design 
effect were also assessed. Adjusted hazard rate ratio (HRR) and 95% confidence interval (CI) were reported.
Results: Follow-up ranged from <1 to 152 months (median, 74). Eighty-one participants died from AD over 632,075 total per-
son-months at risk. An increase in BLL was associated with an increase in AD mortality after adjusting for identified confounders. 
We estimated that those with BLL of 1.5 and 5 μg/dl had 1.2 (95% CI = 0.70, 2.1) and 1.4 (95% CI = 0.54, 3.8) times the rate of AD 
mortality compared to those with BLL of 0.3 μg/dl, respectively, after accounting for competing risks. Adjusted HRRs were 1.5 (95% 
CI = 0.81, 2.9) and 2.1 (95% CI = 0.70, 6.3), respectively, after considering design effect.
Conclusions: This longitudinal study demonstrated a positive, albeit not statistically significant, association between BLL and AD 
mortality after adjustment for competing risks or design effect.
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What this study adds
Alzheimer’s disease (AD) is a leading cause of mortality, yet 
very little is known about environmental risk factors for AD. 
Previous research has demonstrated that chronic lead expo-
sure is related to cognitive decline, but studies examining the 
association of lead specifically with AD are currently limited. 
To address this knowledge gap, this study used a large, repre-
sentative sample of the US population to determine the longitu-
dinal association between blood lead level and subsequent AD 
mortality. This novel study generated high-quality evidence to 
add to our understanding of the effect of lead exposure on AD.
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associated with cardiovascular disease18 and cardiovascular 
risk factors such as smoking,19 hypertension,20 elevated cho-
lesterol,21 and diabetes.22 Lead exposure also adversely affects 
renal and reproductive functions and has been associated with 
cancer.16 However, lead is particularly noted for its impact as a 
neurotoxin.23

Toxicology research has provided consistent evidence that 
lead exposure is associated with the development of AD pa-
thology. Studies on both primates and rats exposed to lead have 
subsequent deposition of β-amyloid24–27 or phosphorylated tau 
protein28 in brain tissue. Notably, early-life exposure to lead has 
been shown to increase the presence of AD-related proteins later 
in life.24,29,30

Substantial epidemiology evidence consistently reports 
an association of lead with reduced cognition. Several large 
longitudinal studies in the elderly found an association be-
tween bone lead, a biomarker of cumulative lead exposure, 
with reduced cognition.31–35 Other longitudinal studies report 
that lead poisoning during childhood decreased cognition in 
later life.36,37 Cross-sectional studies using bone lead report 
that lead was significantly associated with impaired cogni-
tion38,39; however, other cross-sectional studies using blood 
lead did not observe this association,39,40 possibly due to the 
fact that blood lead typically reflects recent, not chronic, lead 
exposure.

As described above, the majority of previous toxicology 
and epidemiology and research suggests that lead exposure, 
particularly cumulative or early-life exposure, is associated 
with cognitive decline, but its relation with AD mortality re-
mains unclear. Thus, the main objective of this research was 
to investigate the association between blood lead level (BLL) 
with subsequent AD mortality using a large sample that is 
representative of the US population. We hypothesized that 
increased BLL was associated with an increased risk of AD 
mortality. This research adds to previous work through use 
of a large representative sample, using a causal diagram to 
determine a set of confounders, and creation of models that 
account for competing risks.

Methods

Study population

This longitudinal study of the US population used data from 
the 1999 to 2008 National Health and Nutrition Examination 
Survey (NHANES) data linked to National Center for Health 
Statistics (NCHS) mortality files derived from 1999 to 2014 
National Death Index. NHANES is a continuous, cross-sec-
tional study developed and implemented by the US Centers for 
Disease Control and Prevention (CDC). NHANES surveys are 
conducted in 2-year cycles: each cycle uses a stratified multi-
stage probability sampling design to recruit a representative 
sample of the US population. All NHANES participants were 
asked to complete an in-home interview; a subset of partici-
pants also completed a physical examination and had samples 
collected for laboratory analysis, including BLL, during a visit 
at the Mobile Examination Center (MEC). More details about 
NHANES methods and design can be found at https://www.
cdc.gov/nchs/nhanes/. The NCHS Research Ethics Review 
Board approved the NHANES surveys and linked data. Study 
participants completed written informed consent forms before 
data collection.

Figure  1 depicts the selection of study participants. Data 
from five survey cycles (1999–2000, 2001–2002, 2003–2004, 
2005–2006, and 2007–2008) were combined for this anal-
ysis. Inclusion criteria were as follows: (1) participation in the 
NHANES 1999–2008; (2) 60 years or older; and (3) had BLL 
measurement at the time of MEC. NHANES 1999–2008 in-
cluded 51,623 participants, of whom 9,331 were 60 years or 
older. Additional exclusions were as follows: n = 814 for not 

completing the MEC examination, n = 433 participants for not 
having BLL data, and n = 4 for missing information on length of 
follow-up. This resulted in a total of 8,080 eligible participants 
for this analysis.

Study variables

Time to AD mortality was the outcome of interest. The length 
of follow-up was provided in the NHANES linked mortality 
file and was calculated from the examination date through 
the date of death, or through the end of the mortality fol-
low-up period (31 December 2014) for those assumed alive. 
NHANES linked mortality files reported that mortality 
was matched using multiple sources of information such as 
National Death Index (NDI) record, Death Master File or 
Numident File from the Social Security Administration (SSA), 
Centers for Medicare and Medicaid Services (CMSA), and 
death certificate. US death certificates report an immediate 
cause of death and several underlying causes of death. The 
public-use NCHS linked mortality files contained only the im-
mediate cause of death to protect the confidentiality of par-
ticipant. Therefore, the identification of AD mortality in this 
study was based on the immediate cause of death. Survey par-
ticipants were considered deceased based on any combination 
of the mortality sources. Participants who were not matched 
in the linked mortality file during the follow-up period were 
considered to be still alive on 31 December 2014. Cause of 
death was coded according to the International Classification 
of Disease, revision 10 (ICD-10) system: G30 was used to in-
dicate AD. Mortality due to cancer (C00-C97), cardiovascular 
disease (CVD) (I00-I78), cerebrovascular disease (CVA) (I60-
I69), nephritis (N00-N07, N17-N19, N25-N27), and respira-
tory disease (J40-J47) were abstracted as the competing risks 
of AD mortality in this study. These diseases were selected 
as competing risks for AD mortality because they have been 
known to be associated with AD.41–44

BLL, reported in μg/dl, was the exposure of interest. Blood 
samples were collected during the NHANES MEC visit. To 
minimize the chance for metal contamination, sample collec-
tion devices and containers were prescreened before use and 
blood was drawn through stainless steel needles. Blood samples 
were transported at cold temperatures (2°C–8°C) and stored 
at ≤−20°C. Metal assays were performed by the Inorganic 
Radionuclides and Toxicology Division of Laboratory Sciences 
National Center for Environmental Health (Atlanta, GA) using 
inductively coupled plasma-dynamic reaction cell-mass spec-
trometry (ICP-DRC-MS). The lower limit of detection (LLOD) 
for BLL was 0.3 μg/dl. Lead concentrations below the LLOD 

Figure 1. Study sample flowchart.
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were replaced with 
LLOD

2
 for analyses. Out of 8,080 partic-

ipants, only six (0.1%; 95% confidence interval [CI] = 0.02, 
0.21) had BLL < LLOD. All other participants (n = 8,074, 
99.9%; 95% CI = 99.8, 100.0) had BLL > LLOD. The refer-
ence for whole blood, in a venous blood sample of BLL for 
adults, is designated as BLL 5 µg/dl by the National Institute for 
Occupational Safety and Health (NIOSH).17

Confounding variables were identified based on a priori 
causal assumptions of their associations with BLL and AD 
mortality and each other; these assumptions were based on 
previously published literature.45 A causal diagram (Figure 2), 
in the form of directed acyclic graph (DAG), was constructed 
to present these causal assumptions, using methods described 
by Hernán et al.46 Using the DAG, we identified all backdoor 
paths connecting between BLL and AD mortality, and a set of 
covariates blocking all identified backdoor paths. An example 
of two backdoor paths according to our causal assumptions is 
(1) BLL→age→cognition and brain reserve→AD mortality; and 
(2) BLL→age→osteoporosis→AD mortality. In this example, 
statistically controlling for age is sufficient to block both back-
door paths. The minimally sufficient set of confounders needed 
to be adjusted for in regression models identified using the DAG 
contained age, sex, poverty status, race/ethnicity, and smoking 
status.

Data on confounders were obtained during the in-home in-
terview, except for serum cotinine, which was obtained at the 
MEC visit. Serum cotinine was determined using an isotope di-
lution high-performance liquid chromatography/atmospheric 
pressure chemical ionization tandem mass spectrometry/mass 
spectrometry (ID HPLC-APCI MS/MS). The limit of detection 
(LOD) for cotinine was 0.05 ng/ml for 1999–2000 and 0.015 ng/
ml for 2001–2008. Serum cotinine concentration was used to 
assign smoking status (smoker: cotinine ≥10 ng/ml; nonsmoker: 
cotinine <10 ng/ml) of participants47; participants with cotinine 
values <LOD were classified as nonsmokers. For participants 
who had missing cotinine data (n = 166, 2.1%), smoking status 
was determined using self-reported current smoking status. 
Participants who reported smoking ≥100 cigarettes, pipes, or 
cigars in their lifetime or smoked ≥20 times in lifetime were 
classified as smokers; otherwise, participants were classified as 
nonsmokers.

Race/ethnicity was classified as non-Hispanic (NH) white, 
NH black, Hispanic, and other/multiracial. Socioeconomic 
status of participants was measured using poverty-to-income 
ratio (PIR). PIR was defined as the ratio of self-reported house-
hold income to the US federal poverty level. Participants were 
classified into low socioeconomic status (PIR <2) or high soci-
oeconomic status (PIR ≥2) categories. Participants who did not 

report PIR (n = 773, 9.6%) were grouped as the third category 
of poverty status for inclusion in regression analyses.

Statistical analysis

Statistical analyses were performed using SAS 9.4 for Windows 
(SAS Institute, Cary, NC), which allowed appropriate adjust-
ment for the multistage probability sampling design employed 
by NHANES. Analyses, with the exception of frequency counts 
and models accounting for competing risk, incorporated MEC 
survey weights and used commands specific to analyzing survey 
datasets; thus, they accounted for survey design, nonresponse, 
poststratification, and oversampling. Competing risk models 
did not account for survey design because methods for assessing 
both survey design and competing risk from survey data are not 
currently available.

Descriptive statistics were used to describe distribution of the 
variables within the study population. Summary statistics were 
expressed as frequency counts and percentages (95% CI) for 
categorical variables and mean (standard deviation) for contin-
uous variables; with the exception of BLL, which had a right-
skewed distribution, and thus geometric mean and 95% CI were 
reported.

Cox proportional hazards regression models were used to 
model the association between BLL and AD mortality while 
adjusting for confounders. We evaluated the linearity of the as-
sociation between the continuous BLL and log hazard rate ratio 
(HRR) of AD mortality (i.e., log-linearity assumption) by mod-
eling categorized (by quintiles) BLL against time to AD mortality. 
The result suggested a nonlinear positive association between 
BLL and log HHR of AD mortality; thus, BLL was natural log 
transformed for regression analyses. The proportionality assump-
tion for Cox regression was investigated by adding a time-de-
pendent covariate to the regression models. The result showed 
that the proportionality assumption was not violated. Cox pro-
portional hazards regression models without a time-dependent 
covariate were used.

We created three regression models to present our results. 
The first, the “design effect model,” accounted for the com-
plex survey design utilized by NHANES though incorporating 
survey weights as described above. The second, the “competing 
risk model,” is a semiparametric model that assesses the hazard 
rate of the outcome of interest (AD mortality) occurring in the 
presence of other mortality, i.e., competing risks. A third model, 
the “base model,” did not include adjustment for either design 
effect or competing risk. The base model provided baseline esti-
mates for us to assess the impacts of design effect and competing 
risks on HRR and CI estimates.

Figure 2. Causal diagram presenting the causal assumptions among study variables in assessing the association between blood lead and Alzheimer’s disease 
mortality. Dashed line indicates proposed association between BLL and AD mortality. BMI indicates body mass index.
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Results

There were a total of 8,080 participants included in the study: 
1,516 from 1999 to 2000; 1,550 from 2001 to 2002; 1,669 
from 2003 to 2004; 1,419 from 2005 to 2006; and 1,926 from 
2007 to 2008. Table 1 summarizes the demographic characteris-
tics of participants. Mean age was 71 years (SD, 7.8 years). The 
study population was mainly female, NH white, nonsmokers, 
and had income greater than two times above the poverty level.

Mortality data are presented in Table 2. Over 632,075 total 
person-months at risk, N = 2,308 (25%; 95% CI = 23.5, 26.8) 
participants died, including N = 81 (4%; 95% CI = 3.0, 5.0) 
participants who died from AD. The follow-up period ranged 
from <1 to 152 months (median, 74). BLLs stratified by mor-
tality status are also presented in Table 2. Geometric mean for 
BLL was 2.1 μg/dl (95% CI = 2.0, 2.1). The vast majority of 
participants (N = 7,449, 94.4%; 95% CI = 93.7, 94.9) had BLL 
<5 μg/dl. There were 631 participants (5.6%; 95% CI = 5.1, 
6.3) who had BLL ≥5 μg/dl.

Figure 3 presents adjusted HRR and lower 95% CI over the 
range of BLL in the study for both models. This indicates a pos-
itive, but not statistically significant, dose–response association 
between BLL and AD mortality regardless of whether the model 
was accounting for competing risks or design effect. HRR esti-
mates derived from the design effect model were greater than 
those derived from the competing risk model, whereas the 
widths of the 95% CI were similar between the two models.

Table  3 presents adjusted HRR for selected BLL values. 
Participants with BLL of 1.5 or 5 μg/dl had 1.5 (95% CI = 0.81, 
2.9) and 2.1 (95% CI = 0.70, 6.3) times the rate of AD mor-
tality compared to those with BLL of 0.3 μg/dl, respectively, 
after accounting for design effect. Equivalent-adjusted HRRs 
for the competing risks model were 1.2 (95% CI = 0.70, 2.1) 
and 1.4 (95% CI = 0.54, 3.8), respectively. Point estimates for 
the base model trended toward being lower than those for the 
design effect model, but higher than those for the competing 
risk model.

Discussion

In this cross-sectional study, we examined the association be-
tween BLL with subsequent AD mortality in a large and rep-
resentative cohort of older adults from the United States using 
three Cox regression models. We found that an increase in BLL 
was associated with a nonstatistically significant increase in 
AD mortality, after adjusting for identified confounders, in all 
three model. To the best of our knowledge, this study is the first 
to investigate the association between BLL and AD mortality. 
However, there is an extensive literature evaluating the relation 
of environmental lead exposure with cognition, a key symptom 
of AD, discussed more below.

Results from cross-sectional analyses of lead and cognition 
are not consistent. Some studies report significant cross-sec-
tional associations of blood lead with Mini-Mental Status 
Examination scores,48 or word recall and perception compar-
ison tests,49 whereas other cross-sectional analyses using blood 
lead did not show an association of blood lead with cognitive 
function tests.31,39 In another analysis of NHANES data, van 
Wijngaarden et al40 found that blood lead was positively asso-
ciated with a lower score on the Digit Symbol Substitution Test, 
but that association was not statistically significant. Among 
cross-sectional analyses using bone lead as a measure of expo-
sure, some,38,39,49 but not all,32 report an association with lower 
neurobehavioral outcomes (e.g., cognitive impairment) that are 
associated with AD.

Longitudinal studies of lead with cognitive function provide 
stronger evidence toward an association because these evaluate 
changes of cognition within the same individual over time. Most 
longitudinal studies consistently showed an association of bone 
lead with declining cognitive and/or motor function.32,34,35,50 A 
longitudinal analysis of the Nurses’ Health Study cohort re-
ported an association of reduced cognitive function with tibia 
lead, but this did not reach statistical significance (change in 
z-score, −0.024; 95% CI = −0.053, 0.004); however, this study 
only reported results from a 1-year follow-up.33 In contrast, lon-
gitudinal analyses using blood lead did not observe an associa-
tion of lead with changes in cognitive function.31,51

Overall, the majority of this work suggests an association 
between lead and lower cognitive function, especially among 
studies using a longitudinal design or bone lead measures. Our 
results are consistent with the previous literature in that they 
suggest a detrimental effect of lead exposure on neurocogni-
tive health outcomes. Even with the investigation of AD mor-
tality instead of cognitive or motor function, our results suggest 
a moderate effect size with an increase in HRR by 14%–30% 
with each unit increase in BLL. However, the small number of 
AD mortalities in the study population did affect the precision 
of the HRR estimate, which was reflected in the wide 95% CIs.

This study relied on the use of the immediate cause of death 
as reported on death certificates to identify AD mortality. We did 
not utilize underlying cause of death as reported on the death 
certificate because it is classified as sensitive non–public-access 
data. Additionally, death certificate data are not as reliable as 
other methods of mortality assessment such as underlying cause 
of death52 because they tend to underreport persons dying of de-
mentia.53 Among patients with multiple chronic conditions, it is 

Table 1

Demographic characteristics of study population, n = 8,080

Characteristics Na Percent (95% CI)b

Age, years   
  60–67 2,725 36.2 (34.6, 37.9)
  67–73 2,161 28.3 (26.8, 29.7)
  74–80 1,953 23.7 (22.3, 25.0)
  ≥80 1,241 11.9 (10.8, 13.0)
Sex   
  Male 4,012 44.0 (43.0, 45.1)
  Female 4,068 56.0 (54.9, 57.0)
Race/ethnicity   
  Hispanic 1,808 6.8 (5.0, 9.0)
  NH white 4,676 81.7 (78.9, 84.2)
  NH black 1,387 8.0 (6.6, 9.7)
  Other races/multiracial 209 3.5 (2.9, 4.3)
Poverty status   
  PIR <2 3,538 34.8 (32.2, 37.5)
  PIR ≥2 3,771 56.0 (53.6, 58.3)
  Missing 771 9.2 (8.1, 10.5)
Smoking status   
  Nonsmoker 6,676 83.2 (82.0, 84.3)
  Smoker 1,404 16.38 (15.7, 18.0)

aUnweighted sample N.
bCorrected for survey design and weights.

Table 2. Baseline geometric mean BLL stratified by subsequent 
mortality

Population N (%)a

Geometric  
mean (95% CI)b

Full population 8,080 (100) 2.1 (2.02, 2.11)
Status at the end of study   
  Alive 5,772 (75) 2.0 (1.61, 2.01)
  Deceased 2,308 (25) 2.4 (2.32, 2.51)
Cause of mortality   
  Alzheimer’s disease 81 (3.89) 2.4 (2.11, 2.65)
  Other 2,227 (96) 2.1 (2.01, 2.11)

aUnweighted sample N.
bCorrected for survey design and weights.
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possible for these conditions to result in mortality instead of AD, 
i.e., the effect of competing risks. This is of particular concern 
with AD because it may result in factors, such as dementia, that 
contribute to death from other causes.1 Thus, analyses relying 
of the leading cause of death to assess mortality may under-
estimate the overall impact of AD on mortality. Although we 
incorporated a competing risk model to account for this effect, 
it is possible that we were not able to account for the entirety 
of this effect.

Another limitation of this study design is that participants 
had blood drawn only once; thus, we could not capture change 
in BLL over time. It is possible that BLL may change over time 
because mobilization of lead from bones especially during turn-
over and osteoporosis influences the concentration of lead in 
blood, for years.54–56 Another limitation of BLL is that BLL gen-
erally reflects current lead exposure, not necessarily cumulative 
lead exposure.57,58 Cumulative exposure may be of importance 
to the relation of lead with AD, given that numerous toxicology 
studies identified early life as a key period of exposure30,59–62 and 
epidemiology studies using bone lead are more consistently as-
sociated with cognitive decline than studies using blood lead.33,48 
However, Korrick et al63 and Hernández-Avila et al64 have 
demonstrated that bone lead and blood lead are significantly 
correlated; thus, although not ideal, use of blood lead, partic-
ularly in a longitudinal design as we do here, provides useful 
information. Another limitation is that with the small number of 
AD deaths in the study, we quantified only the overall effect of 
BLL on AD mortality and did not examine effect modification.

A strength of this study is its longitudinal design, with an 
average follow-up time of 79 months (95% CI = 76.9, 81.6 
months). Additionally, this analysis included a large, representa-
tive population of US elders. Numerous checks for data quality 
and control are incorporated into the development of these 
datasets. Although the proportion of AD as a leading cause of 
death is relatively small, we were able to combine multiple years 
of NHANES data to increase the number of AD mortality cases.

Our analytical methods added additional strength to this 
study. We constructed a causal diagram to explicitly present our 
causal assumptions and to identify confounders according to 
these assumptions. We also evaluated model assumptions (e.g., 
log-linearity and proportionality assumptions) and derived 
effect estimates using different models accounting for compet-
ing risks or design effect. We present results derived from both 
models and a null model (i.e., without adjusting for competing 
risks or design effect) to assess the impacts of competing risks 
and design effect on HRR estimates. All models consistently 
showed a positive association between BLL and AD mortality. 
This allowed for the observation that HRR estimates adjusted 
for competing risks were closer to the null than those adjusted 
for design effect and the null model, suggesting that competing 
risks biased the HRR estimates away from the null. Compared 
with other results, we did not expect that competing risk to bias 
the estimates toward the null, which could mean that models 
should also control for competing risk confounders.65

Conclusions

We used high-quality data from a large, representative sample 
of US adults to evaluate the association between blood lead and 
subsequent AD mortality, including adjustment for competing 
risks of mortality. Our study revealed a positive, but not statis-
tically significant, association between BLL and AD mortality.
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2 1.4 (0.65, 3.2) 1.6 (0.78, 3.5) 1.3 (0.66, 2.5)
3 1.6 (0.59, 4.1) 1.8 (0.74, 4.5) 1.3 (0.60, 3.0)
5 1.7 (0.53, 5.6) 2.1 (0.70, 6.3) 1.4 (0.54, 3.8)

aAll models adjusted for age, sex, poverty status, race/ethnicity, and smoking status.
bDoes not incorporate design effect or competing risks.
cModel accounts for complex survey design and weights.
dModel accounts for competing risks for AD mortality.
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