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Abstract

INTRODUCTION: To examine associations of history of TBI with LOC with dementia incidence 

and memory decline.

METHODS: We studied 2,718 participants from the 1992 enrollment cohort of the HRS aged 65 

years or older in 2000. History of TBI with LOC was self-reported in 1992. Dementia was 

assessed using four algorithms established in HRS. Participants were followed from 2000–2014 

with repeated measures of dementia and memory performance. Cox models and linear mixed-

effects models were used.

RESULTS: In 1992, 11·9% of the participants reported a history of TBI with LOC. In fully-

adjusted models for all four algorithms, participants with a history of TBI with LOC had no 

statistically significant difference in dementia incidence nor in memory decline, compared to 

participants without TBI history.

DISCUSSION: Our study did not find evidence of a long-term association between history of 

TBI with LOC (of unknown frequency and severity) and dementia incidence or memory decline.
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1. Background

Traumatic brain injuries (TBI) are frequent, especially in military soldiers and contact-sport 

players.[1] TBIs are associated with large economic costs, as more than 10 million 

individuals worldwide have sustained a brain trauma at some point in their lifetime severe 

enough to result in either mortality or hospitalization.[2] The true prevalence of TBI is likely 

to be higher than currently estimated, since milder TBIs are often underreported.[2, 3] In the 

US, approximately 2.3 million TBIs occurred in 2016, with a death rate of 17.0/100,000.[4, 

5] Since most TBIs are non-fatal, survivors often experience many unfavorable outcomes 

such as psychiatric conditions and physical disability.[6, 7] Yet, many of the consequences 

of surviving a TBI remain poorly understood and relatively unexplored.

Recently, there has been growing interest in investigating the relationship between TBI and 

dementia. Dementia is highly prevalent at older ages[8], and similar to TBI, dementia also 

leads to increased disability, mortality and health care costs.[9] While immediate cognitive 

impairment is a well-known adverse outcome of TBI, the long-term consequences at older 

age are less consistent. On one hand, there is existing evidence to support an association 

between moderate to severe TBI and increased dementia risk [10–17] or Alzheimer’s 

Disease (AD) risk.[10, 18–22] On the other hand, some other recent studies showed no 

difference in dementia incidence,[23–28] AD dementia,[23, 24, 29] or AD biomarkers or 

neuropathological measures [23, 28, 30] between individuals with and without a history of 

moderate to severe TBI. In particular, the lack of relationship in studies of moderate/severe 

TBI and AD neuropathology may suggest that the etiological associations are less so 

understood. In addition, the long-term effect of mild TBI is also debated and has been less 

investigated. Some studies specifically assessing mild TBI did not report an association with 

dementia or AD,[10, 31] and when an association is found,[32] the effect is often weaker 

than for moderate to severe TBI.[13, 14, 16, 20, 33] Similarly, studies of the relationship 

between TBI and cognitive decline have also been mixed.[28, 34–39]

The inconsistent findings on the association between TBI history and dementia may reflect 

differences in study populations, the type of samples used (autopsy-based, population-based, 

or clinical cohort), insufficient sample size, short follow-up time, or the presence of reverse 

causation when TBI could have occurred at older age. Moreover, self-reported TBI, which is 

often used in epidemiologic studies, is likely to be milder TBI than the one diagnosed 

clinically, further contributing to those inconsistencies. Finally, previously published studies 

were often not nationally representative and results may not be generalizable to the general 

population. Using large and national data from the Health and Retirement Study (HRS), the 

objective of the present study is to examine the long-term relationship between history of 

TBI with loss of consciousness (LOC) and dementia risk, assessed with four established 

algorithms for dementia diagnosis, and memory decline over a 14-year period.

2. Methods

2.1. Study population

The Health and Retirement Study (HRS) is a nationally representative population-based 

cohort of Americans aged 50 years and older and their spouses of any age. The HRS used 
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area level probability sampling of US households with supplemental oversampling of Black 

individuals, Hispanic individuals, and Florida residents. The initial interview took place in 

1992 and HRS participants were re-interviewed every 2 years until 2016 on a range of 

sociodemographic, health and cognitive measures. Detailed information about the sampling 

procedures, study design, instruments, and data access are available online (http://

hrsonline.isr.umich.edu). All HRS participants gave verbal informed consent for their 

participation in the study; HRS data collection was approved by the Health Sciences and 

Behavioral Sciences institutional review board at the University of Michigan.

Our study sample included participants who were eligible in HRS 1992 core interview 

(N=9,794), the time when TBI exposure was ascertained. All of the 9,794 participants had a 

TBI assessment in 1992 (i.e. no missing values in our predictor of interest). Of those, we 

then limited the sample to 2,718 participants who were ages 65+ in HRS 2000 core 

interview, being our baseline for dementia and memory score follow-up (eFigure 1). All 

participants were from the original HRS cohort and no participants from later enrollment 

cohorts were included in this analysis. Participants were followed until death, dropout or the 

2014 study exam.

2.2. Assessment of Dementia and memory score: outcomes of interest

Dementia incidence and change in memory score are the primary outcomes, and both were 

ascertained every two years between 2000 and 2014. We began our follow-up in year 2000 

to maintain consistency across the dementia algorithms since some proxy information, 

which is used to create the algorithms, was first collected in year 2000.

Dementia: We compared four commonly used algorithms for dementia diagnosis that were 

developed in the HRS sample, and we applied the published coefficients as parameterized in 

Gianattasio et al.[40] Details of these algorithms are described elsewhere.[41–44] Briefly:

1. Langa-Kabeto-Weir (LKW) algorithm, a cut point summary score from 0 to 27, 

includes cognition and IADL data, as well as proxy information. Dementia was 

defined with a cutoff of 6 or less (7–11 being Cognitive Impairment No 

Dementia (CIND))[41, 44];

2. Herzog & Wallace (HW) algorithm, a cut point summary score from 0 to 35, 

includes cognition data and proxy information. Dementia was defined with a 

cutoff of 8 or less[42];

3. Wu algorithm, a logistic regression-based dementia probability score, includes 

demographics and cognition data, as well as proxy information. Dementia was 

defined at a threshold of 0.5 or higher[43]; and

4. Crimmins algorithm, a multinomial logistic regression-based dementia 

probability score, including demographics, cognition, and ADL and IADL data, 

as well as proxy information. Dementia was defined at a threshold of 0.5 or 

higher.[44]

Overall performances across algorithms have been assessed against the Aging, 

Demographics, and Memory Study (ADAMS) clinical dementia diagnosis as gold standard. 
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In analyses weighted to represent the age-eligible US population, it has been found that the 

HW algorithm maximized specificity, the Crimmins algorithm maximized sensitivity, and 

the Wu algorithm maximized accuracy. The most sensitive algorithms tended to be the least 

specific, yet they presented fair overall accuracy compared to clinical diagnosis, ranging 

from 87% to 94%. Details on the algorithms and their validity have been published 

elsewhere.[40]

Memory score: The memory score was assessed according to the methods of Wu and 

colleagues.[43] It is a quantitative summary metrics that combines, into a single scale, 

results from cognitive tests (word immediate and delayed recall), including those completed 

by a proxy respondent (IQCODE and proxy memory score) for severely impaired HRS 

participants. The composite memory score was developed using core HRS questionnaire 

items calibrated against the Aging, Demographics, and Memory Study (ADAMS) sample, a 

subset of HRS participants who underwent detailed in-person neuropsychological batteries. 

Using the models derived from the ADAMS cohort, memory score was estimated for all 

HRS participants based on the HRS core component measures. In our sample, the score 

ranges from −1.74 to 2.11, with lower memory score indicating worse cognition. Further 

details have been published elsewhere.[43]

2.3. Traumatic brain injury with loss of consciousness (TBI with LOC): predictor of 
interest

TBI was assessed during the 1992 exam by the question: “Have you ever been unconscious 

due to a head injury?”. The exposure was thus defined as history of TBI with loss of 

consciousness (LOC). Every participant in the initial HRS sample answered the TBI 

question, with no missing data in our analysis sample.

2.4. Covariates

HRS participants reported sociodemographic information such as age, gender, race, veteran 

status, and education (coded as less than high school or GED, high school, some college, or 

master’s or professional degree). In year 2000 (our study baseline), information on marital 

status, ever smoking, self-report of physician-diagnosed medical comorbidities 

(hypertension, diabetes, lung disease, arthritis, cancer, heart disease, and stroke), and 

depressive symptoms were collected. Depression was measured via the eight-item Center for 

Epidemiologic Studies Depression Scale (CES-D), which asks respondents to report whether 

they experienced eight specific depressive symptoms over the past week. Based on prior 

studies, depression was defined as a score of 3 or higher.[45]

2.5. Statistical analysis

We compared participant’s characteristics at baseline according to history of TBI with LOC 

using t tests with person-level weights to generate P values for continuous variables. Median 

and interquartile range, or mean and standard deviation, are reported according to degree of 

normality. For categorical variables, χ2 statistics with person-level weights were used.

Participants with missing value for dementia algorithm scores in year 2000, as well as 

participants with prevalent dementia in year 2000, according to any of the four algorithms 
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defined above, were excluded from the analyses. Participants contributed observed time at 

risk beginning in 2000. Incidence rates of dementia (per 1,000 person-years) by history of 

TBI with LOC were calculated by dividing the number of dementia cases in each TBI 

category by the number of person-years at risk contributed by participants within that 

category. Incidence rate differences were computed as well.

For survival analyses of the relationship between TBI with LOC and dementia incidence 

across the 14-year period, participant’s age was considered as the time scale, and as such an 

entry point (age in 2000) and an ending point (age at dementia diagnosis or censoring) were 

modeled to address left truncation. Participants who remained free of dementia were 

censored at the age of their latest follow-up before drop out where their dementia status was 

known or by 2014 (end of follow up). We modeled dementia diagnosis from each of the four 

algorithms as a separate outcome. After verifying that the proportional hazards assumption 

was met, we assessed a series of two Cox proportional hazards models to examine the 

association between history of TBI with LOC and the risk of dementia. Model 1 was 

adjusted for gender, race and education, and model 2 was additionally adjusted for veteran 

status, marital status, smoking status, medical comorbidities, and depressive symptoms, all 

assessed in year 2000. Person-level probability weights at time of participants’ enrollment 

(year 1992) were applied to account for complex survey design.

We assessed memory score performance across the 14-year period using longitudinal linear 

mixed-effects models, adjusted for the same covariates as with the dementia outcome. Time 

was defined as the number of years since baseline (2000). A quadratic term for time was 

tested and retained in the model as it improved model fit. Interactions between time and 

covariates (gender, race, education, veteran status, marital status, smoking status, medical 

comorbidities, and depressive symptoms) were tested and retained in the models when 

significant or improving model fit – these interactions test whether the cognitive slope varied 

according to these covariates. We specified participant level random intercepts and slopes 

with an unstructured covariance. The effect estimate of TBI quantifies the difference in the 

baseline cognitive scores for persons with or without TBI with LOC history, whereas the 

interaction of TBI with time (i.e. slope) quantifies the effect of TBI with LOC on the change 

in cognitive score over the 14-year period. The goodness of fit of each model was assessed 

using residual plots. Person-level weights at time of participants’ enrollment (1992) were 

applied to account for complex survey design.

In addition to the main analyses, to increase statistical power and minimize potential 

outcome misclassification, we repeated the analysis of TBI and dementia risk, however 

using the continuous scores and probabilities – instead of the original dichotomous dementia 

diagnosis – in linear mixed models, thus exploring their evolution over the 14-year period. 

Furthermore, as exploratory analyses, we have examined possible interactions between TBI 

status and each of sex, race, education and veteran status. All analyses were conducted using 

SAS version 9.4.
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3. Results

Of the 2,718 eligible HRS participants, 318 (11.9% of the weighted sample) reported a 

history of TBI (Table 1). Participants with history of TBI with LOC were more likely to be 

men, veterans and have ever smoked. They also reported more heart disease, stroke, and 

arthritis compared to participants without a history of TBI. The mean duration of follow-up 

time was around 13 years. Follow up times did not significantly differ between individuals 

with or without history of TBI with LOC.

The number of incident dementia cases which occurred between 2000 and 2014 ranged from 

240 to 434 across the four algorithms (Table 2). Overall, incidence rates ranged from 

8.7/1000 person-year for the HW algorithm to 16.8/1000 person-years for the LKW 

algorithm. There were no significant differences in incidence rates of dementia between 

individuals with or without history of TBI with LOC across the algorithms.

Risks of dementia according to history of TBI with LOC are presented in Table 3 according 

to the different algorithms. For all four algorithms, participants with a history of TBI had no 

statistically significant difference in dementia incidence compared to participants without 

history of TBI with LOC, in minimally adjusted models (LKW HR=0.92 (0.66–1.29); HW 

HR=1.02 (0.67–1.54); Wu HR=1.12 (0.79–1.60); and Crimmins HR=0.92 (0.65–1.30)). 

Results remained similar in fully-adjusted models. Stratified analyses presenting interactions 

between TBI status and each of sex, race, education, and veteran status are presented in 

eTable 1. Most interactions were not significant between men and women, yet with point 

estimates being in the protective direction for women. For race, interactions were not 

consistently significant across all dementia algorithms. Effect estimates were mostly 

protective among whites, though non-significant. Among Blacks and Hispanics, effect 

estimates were mostly in the harmful direction (i.e. greater risk) and were non-significant, 

except for the HW algorithm. For education, while associations were mostly null, point 

estimates tended to be protective among those with high level of education and in the 

harmful direction among those with low level of education, except for the Crimmins 

algorithm. Finally for veteran status, point estimates seemed to be inconsistent across 

algorithms, and though non-significant, point estimates tended to be in the harmful direction 

among veterans.

The associations between history of TBI with LOC and the memory score decline are 

presented in Table 4. Memory score significantly declined over the 14-year follow-up period 

(β for linear time trend= −0.02, 95% CI (−0.02, −0.01), and β for quadratic time term=

−0.002, 95% CI (−0.002, −0.002)). There was no significant relation between history of TBI 

with LOC and memory score or memory decline. In particular, participants with history of 

TBI with LOC had similar baseline memory function (β= −0.008, 95% CI (−0.05, 0.03)), as 

well as similar memory decline over time compared to participants without TBI with LOC 

history (β= −0.001, 95% CI (−0.007, 0.005)), in minimally adjusted models. These results 

remained similar in fully-adjusted models.

When examining dementia scores and probabilities from the four algorithms as continuous, 

we found no association between history of TBI with LOC on baseline performances nor on 
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changes over time across all four algorithms (eTable 2), which was consistent with the 

results from the Cox proportional hazard models in Table 3.

4. Discussion

In a nationally representative prospective cohort of older adults free of dementia at baseline, 

we did not find evidence for any long-term associations between history of TBI with LOC 

(of unknown frequency and severity) and risk of dementia over 14 years of follow-up. These 

results were consistent across four established dementia algorithms. Similarly, decline in 

memory performance did not differ between participants with or without history of TBI with 

LOC.

Our findings did not confirm the harmful effect of TBI on dementia risk found in several 

other studies.[10–14, 16, 20, 32, 46] For example, two recent large population-based studies 

from Denmark and Sweden have reported an increased risk of dementia in individuals with a 

TBI diagnosis, even among persons with an injury more than 10 years prior to dementia 

diagnosis.[13, 14] Moreover, associations between dementia and mild TBI were weaker than 

the ones with moderate/severe TBI, yet they were still significant. Their risk estimate for the 

relationship between TBI and dementia (for example for the Danish study, global HR=1.24 

(1.21–1.27)) fell within the 95% confidence intervals of our risk estimates, for most 

algorithms, which may suggest a lack of statistical power to detect similar significant 

associations in our HRS sample. Further, these studies used national registries and medical 

records for ascertainment of TBI exposure and dementia diagnosis which may also have 

limitations. Dementia is often under diagnosed in the elderly population. Yet, patients 

diagnosed with a TBI may be more likely to have medical follow-up and thus be diagnosed 

with dementia at older ages, which could bias results. In addition, exposures and adjustment 

factors may also be under diagnosed or not reported in registries or medical records, 

especially for milder TBI or other psychiatric disorders. In studies with short follow-up,[11, 

16, 19, 20] reverse causation cannot be excluded, since patients with dementia may be at 

higher risk for fall and TBI. In addition, other studies showing an association between TBI 

and dementia have focused only on US military veterans.[15, 17, 33] In these studies, 

unmeasured confounding, for example by psychiatric comorbidities frequent among veterans 

such as post-traumatic stress disorder (PTSD), depression, or presence of multiple traumas, 

which are also risk factors for dementia, cannot be excluded. In our stratified analysis by 

veteran status, interactions were mostly non-significant, yet with a trend toward more risk 

for veteran, even though estimates were inconsistent across algorithms. Unlike most 

previous studies which included White participants, our cohort is racially/ethnically diverse 

and oversampled Blacks and Hispanics. Yet, stratified analyses still showed no associations 

among Whites as well as among Blacks and Hispanics. Similarly, in our stratified analyses 

by education, interactions were mostly non-significant, even though there was a trend for 

lower risk of dementia among those with high school education or more, suggesting a role 

for cognitive reserve.

However, our findings showing no association between TBI history with LOC and dementia 

are consistent with the results of several other recent studies looking at dementia,AD, or AD 

biomarkers or neuropathology.[23–26, 28, 30] In particular, a recent report highlighted two 
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well conducted studies showing no association with AD.[47] The first study, analyzing data 

from three population-based studies, found no associations between TBI with more or less 

than an hour of LOC and dementia or Alzheimer’s disease (AD).[23] In addition, among 

participants who underwent autopsy, no associations were found between TBI with LOC 

(regardless of the LOC duration) and neuropathologic markers (for example neuritic plaques 

or neurofibrillary tangles). The second study, among veterans identified through Veterans 

Administration records, showed no effect of TBI on cognition or amyloid positivity, though 

the sample size was small.[30] Another recent study among participants from the National 

Alzheimer’s Coordinating Center (NACC) who consented to brain donation and 

neuropathological examination did not evidence an association between reported TBI history 

and Alzheimer’s disease neuropathology, global Clinical Dementia Rating score, or 

cognitive test performance.[28] In addition, our results on memory decline are in line with a 

recent study using a HRS subsample of 984 participants, showing more subjective memory 

impairment but no differences by TBI status regarding measures of objective cognitive 

function.[35] Our findings are also consistent with a recent study among participants from 

the NACC database aged 50 years and older suggesting that TBI with LOC history is not 

associated with rates of cognitive change.[34] It may be possible that TBI mainly impact 

global dementia or vascular dementia risk rather than Alzheimer’s disease risk. Yet, our 

study builds upon this prior literature by being the first to use a well-characterized, 

representative population-based sample with a study design that minimizes possible reverse 

causation through a long follow-up period, and by using four different established 

algorithms for dementia definition to examine the association between TBI and dementia.

A major limitation of the present study is the self-report nature of the TBI exposure 

assessment. While self-reported TBIs are often used in epidemiologic studies, they are likely 

to be milder than the ones clinically diagnosed, which might explain the lack of association 

found in our results. In fact, the prevalence of TBI history in our study is similar to that 

reported in other previously published population-based studies with self-reported TBI 

assessment,[23, 24, 26] and higher than the prevalence reported by studies based on national 

registries or medical claims. This is further consistent with self-reported TBI being, on 

average, milder than the one clinically diagnosed (e.g. from medical records or inpatient 

visits). Furthermore, while our measure of TBI includes loss of consciousness (LOC), the 

duration of the LOC and the severity of the TBI are unknown. Definitions for milder TBI 

assessment are also diverse in how severity is ascertained, further contributing to the 

inconsistencies in the literature.[13, 14, 16, 32, 33] The frequency of TBI was also not 

known, and thus individuals with TBI who are classified as exposed may have sustained a 

single mild TBI, which may then explain the lack of associations. Further, misclassification 

bias may have occurred, either because TBI exposure assessment relied on participants’ 

recall, or because participants without TBI with LOC who are classified as being 

‘unexposed’ may have actually sustained single or repetitive mild TBIs but without LOC, or 

subconcussive impact. Finally, due to the lag between history of TBI with LOC assessment 

in 1992 and cognition and dementia outcome ascertainment beginning 2000, it is possible to 

have missed on new TBIs with LOC occurring between 1992 and 2000 and which may have 

contributed to the lack of associations in our study. In conclusion, dementia risk is clearly a 

function of TBI severity and frequency, and the absence of those measures reflects a lack of 
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refinement in the definition and assessment of TBI which contribute to the inconsistent 

findings across the literature. While this is a major limitation in our study and the field 

broadly, future studies should attempt to address this gap using tools such as 

misclassification bias analyses. Another limitation of this work is that, as detailed in the 

methods section, the assessment of dementia relied on algorithms rather than on a clinical 

diagnosis. While the four algorithms have varying predictive values, they have all shown a 

fair accuracy compared to clinical diagnosis.[40] Our analysis is strengthened by the use of 

all four algorithms, and our results were consistent across these algorithms. Moreover, in a 

sensitivity analysis modeling dementia scores and probabilities as continuous variables, no 

trend toward worse baseline scores or decline in the TBI group was evidenced, showing little 

impact of misclassification for dementia cases. However, we cannot exclude that a potential 

differential misclassification may be biasing results toward the null. In addition, the absence 

of clinical diagnosis or biomarkers or neuropathological measures does not allow us to 

investigate any etiologic associations. Information on other neurologic diseases such as 

Parkinson’s disease would have also been of interest. Finally, even though we adjusted our 

analyses for major risk factors for dementia and cognitive decline, residual confounding may 

remain due to unmeasured confounders. For example, we were not able to take into account 

the role of family history or APOE status.

Despite these limitations, this study has important strengths. Our work relies on a 

prospective, nationally-representative population-based cohort study with a long follow-up 

and sufficient sample size, providing an adequate setting to detect the long-term association 

between history of TBI with LOC and risk of dementia or memory decline. Additionally, 

four different definitions and well-established algorithms of dementia have been compared 

to strengthen our conclusions, and results were overall consistent across those definitions. 

Finally, due to the 8-year lag between TBI assessment and beginning of incidence follow-up, 

TBI exposure was ascertained at a time when participants were free of dementia, thus 

limiting the possibility of reverse causation. This long and well powered study confirms 

other recent studies in the US reporting no association and provide representative results 

from the general US population of the long term effect of TBI with LOC on dementia risk.

In conclusion, contrary to some studies, this work does not provide evidence of a long-term 

association between TBI with LOC and dementia risk or memory decline. Further studies in 

the general population with a more rigorous assessment of TBI exposure would be needed to 

explore the lifelong association between TBI, across the severity spectrum, and dementia, its 

different etiologies, and cognitive decline.
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Table 1:

Baseline characteristics of study participants according to TBI status, HRS, 2000–2014

Total
sample

No TBI
(n=2400)

TBI
(n=318) P value

Women 1487 (54.7) 1375 (57.3) 112 (34.8) <.0001

Age, mean (SD) 66.7 (1.3) 66.7 (1.3) 66.8 (1.4) 0.27

Non white 521 (12.5) 489 (13.2) 32 (7.5) 0.003

Education 0.02

 Less than high school or GED 891 (29.3) 793 (29.4) 98 (28.2)

 High school 882 (33.7) 793 (34.5) 89 (28.0)

 College 474 (18.2) 405 (17.5) 69 (23.5)

 Master’s or professional degree 471 (18.8) 409 (18.7) 62 (20.3)

Non Partnered 843 (28.6) 749 (28.6) 94 (28.8) 0.93

Veterans 807 (30.6) 676 (28.9) 131 (43.7) <.0001

Hypertension 1342 (47.2) 1185 (47.0) 157 (48.9) 0.38

Diabetes 463 (15.6) 423 (15.9) 40 (13.0) 0.27

Cancer 319 (12.4) 283 (12.6) 36 (11.2) 0.74

Heart disease 554 (20.1) 473 (19.4) 81 (25.3) 0.02

Stroke 191 (6.5) 153 (5.7) 38 (12.3) <.0001

Lung disease 229 (8.0) 191 (7.6) 38 (10.8) 0.13

Arthritis 1544 (56.2) 1343 (55.2) 201 (63.6) 0.01

CESD 0.22

 <3 2150 (80.1) 1907 (80.6) 243 (76.5)

 >=3 354 (12.6) 308 (12.3) 46 (14.8)

 Missing 214 (7.3) 185 (7.1) 29 (8.7)

Ever smoke 1682 (62.1) 1455 (61.0) 227 (70.1) 0.001

No. of follow-up interviews, median (IQR) 7 (5–8) 7 (5–8) 7 (4–8) 0.16

Follow-up time, median (IQR) 13 (8–14) 13 (8–14) 13 (7–14) 0.32

Baseline memory score, mean (SD) 1.05 (0.4) 1.09 (0.4) 1.05 (0.4) 0.09

TBI: Traumatic Brain Injury; GED: general educational development; CESD: Center for Epidemiologic Studies Depression Scale; IQR: 
interquartile range.

Data are presented as raw numbers with weighted percentage for categorical variables, and weighted t test for continuous variables.
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