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Post-traumatic stress disorder and risk of dementia among
members of a healthcare delivery system
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2Kaiser Permanente Division of Research, Oakland, CA, USA

Abstract

INTRODUCTION—Post-traumatic stress disorder (PTSD) is associated with an increased risk of
dementia in male veterans, but little is known in females and civilians.

METHODS—PTSD and comorbidities were abstracted from medical records from 1/1/1996—
12/31/2001. Dementia incidence from 1/1/2002-12/31/2014 in 499,844 healthcare members aged
60+ over an average of 8.2 years. Cox proportional hazards models were adjusted for age,
demographics and comorbidities.

RESULTS—PTSD was associated with increased risk of dementia over an average of 8 years of
follow-up (Females: Hazard Ratio [HR]= 1.59, 95% Confidence Interval [Cl]= 1.30-1.95; Males:
HR=1.96, 95% Cl= 1.51-2.55). There was a two-fold risk of dementia in those with both PTSD
and depression (Females: HR= 2.08; 95% Cl= 1.66-2.59; Males: HR= 2.06; 95% Cl=1.47-2.91)
versus those without.

DISCUSSION—PTSD was a risk factor for dementia in both sexes, with a heightened risk in
those with comorbid depression.

Keywords
Dementia; Posttraumatic stress disorder; PTSD; Sex differences; Alzheimer’s disease

1. Background

Post-traumatic stress disorder (PTSD) is a common mental health problem with long-term
health consequences. PTSD has a known etiological agent, experiencing an event that
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involves life threat, serious injury, or risk of death in early or late life [1]. Research suggests
that the lifetime prevalence of PTSD for older adults ranges from 3% to 6% [1-3]. Studies
have found that PTSD is associated with a higher risk of dementia in male veterans [4, 5].
Findings suggest that older male veterans were nearly two times as likely to develop incident
dementia compared to those without PTSD, while a recent study in Taiwan found that both
male and female patients with PTSD had a nearly four times higher risk of dementia [6].
Yet, there are currently no studies in the U.S. examining whether PTSD is a risk factor for
dementia in older females. This is quite alarming given that PTSD and dementia are more
prevalent in females.

Studies have shown that the prevalence of PTSD is more than two times higher in females
compared to males [7]. Annual estimates from the National Comorbidity Survey suggest that
10% of females vs. 5% of males have PTSD [8]. Other studies have found that the
prevalence of PTSD was as high as 13% in females and 6% in males [9]. In a population-
based study of older adults aged 60 and older, the lifetime prevalence of PTSD was 6% for
females and 3% for males [3]. While research has suggested that females may be less likely
to experience certain types of traumatic events, they develop PTSD more often than males
[10, 11].

Studies have linked stress and PTSD to an increased risk of memory impairment and
dementia in later life [12-16]. There is also a higher incidence of chronic illnesses in
individuals with PTSD, including depression, traumatic brain injury (TBI), diabetes, stroke,
and heart disease [16, 17]. These chronic conditions may link PTSD to higher rates of
dementia. For example, depression is associated with a 2- to 3-fold increased risk of
dementia [18, 19]; and co-morbid depression among individuals with PTSD is very
common, with estimates of co-occurrence ranging from 30% to 50% [20, 21].

The current study utilizes 13 years of prospective data on a large, diverse civilian population
of older adult members of an integrated healthcare delivery system (n = 499,844) in
Northern California. Our primary objective was to examine the association between PTSD
and risk of dementia among both older male and female members. Because PTSD and
dementia are associated with other medical conditions, we also explored whether the
association might be explained by vascular risk factors, depression, and TBI.

2. Methods
2.1 Study population

The study population consists of members (aged 60+) from the Kaiser Permanente Northern
California (KPNC) health system, which is a large, integrated healthcare delivery system
that provides comprehensive medical care to over 3.9 million members in Northern
California (approximately 30% of the geographic region). This includes 16% of members
enrolled in Medicare and 8% enrolled in the California Medical Assistance Program (Medi-
Cal) or other state subsidized health insurance program. Past research has shown that the
KPNC member population is generally representative of the overall regional population,
with regards to history of chronic conditions and lifestyle factors, but may underrepresent
individuals at the very extreme tails of the income distribution [22, 23].
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2.2 Study design

The present study includes KPNC members who were enrolled as of January 1, 1996 (date
when electronic medical records were implemented). To ensure dementia diagnoses detected
were incident cases, anyone with a dementia diagnosis between January 1, 1996 to
December 31, 2001 was omitted from the sample.. Figure 1 provides an overview of the
study flow. The present analyses include members who were still alive, KPNC members, and
had no dementia diagnosis as of January 1, 2002. Cohort members were followed for
incident dementia until a lapse in health plan membership (defined as a gap in health plan
coverage of =3 months), death, or December 31, 2014 (end of study period). The Kaiser
Division of Research Internal Ethics Committee approved study procedures.

2.3 Measures

Dementia diagnoses were identified from electronic medical records. Diagnoses were from
inpatient and outpatient visits between from January 1, 2002 to December 31, 2014 based on
International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes for
Alzheimer’s disease (331.0), vascular dementia (290.4x) and other nonspecific dementia
(290.0x, 290.1x, 290.2x, 290.3x, 294.1x, 294.2x). PTSD diagnoses were determined from
electronic medical records, which includes diagnoses from all inpatient and outpatient
encounters at KPNC. PTSD was coded using ICD-9 code 309.81, which was based on a
physician’s diagnosis between January 1, 1996 and December 31, 2001.

Other measures included demographics, healthcare utilization, and medical comorbidities.
Race/ethnicity was self-reported as White, Black, Latino, Native American, Pacific Islander,
Asian or other and was included in analyses as a potential confounder. Healthcare utilization
was defined as the average number of visits during follow-up. Diagnoses of diabetes (249.x,
250.x, and 357.2 to 366.41), stroke (433.01 to 436, and 997.02), heart disease (410.xx to
414.9), depression (296.2x, 296.3x, and 311), and TBI (850.0x to 859.9x) were also
extracted from the electronic medical records and based on a physician’s diagnosis from
January 1, 1996 to December 31, 2001.

2.4 Statistical analysis

Age-adjusted dementia incidence rates by sex were estimated by standardizing to the 2000
United States Census population. Follow-up began on January 1, 2002 and ended on the date
of dementia diagnosis, death, gap in health plan coverage of =3 months, or end of the study
period (December 31, 2014), whichever came first. The Kaplan-Meier method was used to
estimate the distribution of dementia-free survival, overall, by sex and by depression
diagnosis. We estimated cumulative incidence of dementia (at 5-year intervals from 5 to 35
years) by PTSD diagnosis and sex conditional on surviving dementia-free to age 60 using
the Practical Incidence Estimator macro [24]. The macro uses information on age-specific
rates to estimate cumulative incidence and incorporates information on death rates by
assuming that individuals who die without a dementia diagnosis never develop dementia.
Cox proportional hazards models, overall and stratified by sex, were used to evaluate
associations between PTSD and dementia risk providing of unadjusted and covariate-
adjusted estimates of hazard ratios and 95% confidence (CI). Age was the time scale in all
Cox regression analyses. Adjusted models included race/ethnicity, vascular factors (diabetes,
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stroke, and heart disease), TBI, and depression at baseline (January 1, 1996 to December 31,
2001). Analyses of PTSD and dementia were stratified by sex, depression, and TBI to test
for effect modification. Heterogeneity in the strength of association between PTSD and risk
of dementia by depression and TBI status was assessed by inclusion of appropriate cross-
product (interaction) terms in regression analyses. Sensitivity analyses were also conducted
to examine the impact of healthcare utilization while adjusting for sex and race/ethnicity
with age time scale. SAS 9.4 was used for all data analyses.

3. Results

Of the 499,844 KPNC members who were aged = 60 years as of January 1, 2002, only 18
were excluded due to missing information about sex or race/ethnicity (Figure 1). At
baseline, the mean age was 71.1 (Standard deviation [SD] = 7.9; range = 60 to 102) and
54.7% were females. Among the participants, a total of 1,147 members were diagnosed with
PTSD (Table 1), which was more prevalent for females, Whites, and younger adults.
Individuals with PTSD were also more likely to have been diagnosed with depression and a
TBI.

Over an average of 8.0 years of follow up (SD = 4.6), 11.8% (59,127) were diagnosed with
dementia, 27.8% died (122,552), and 29.4% (129,524) were lost to follow-up (lapse in
KPNC membership). The remaining 42.8% (188,641) were still alive, KPNC members, and
did not have a diagnosis of dementia at the end of study period. The age-adjusted incidence
rates for dementia were higher among individuals with PTSD (17.53 per 1,000 person years)
compared to those without PTSD (11.11 per 1,000 person years). Table 2 shows the overall
age-adjusted incidence rate for dementia among individuals with and without a PTSD
diagnosis. In both older males and females, the ageadjusted incidence rate of dementia for
individuals with PTSD was higher than the rate among their counterparts without PTSD. For
each 5-year increment, the cumulative incidence of dementia conditional on survival to age
60 without dementia was greater among individuals with PTSD then their counterparts
without PTSD (Supplemental Table Al). For example, the 25-year cumulative incidence of
dementia was 23.58% (95% CI: 16.98-28.68) for females with PTSD while it was 15.14%
(95% CI: 14.89-15.34) for females without PTSD.

In Cox proportional hazard models adjusted for demographic variables (model 2; Table 3
and Supplemental Table A2), individuals with PTSD had a 73% increase in risk of dementia
(HR: 1.73, 95% Cl=1.47, 2.02). Male with PTSD had a two-fold increase in risk of
dementia, and females with PTSD had a 60% increase (Females: HR = 1.60, 95% CI1=1.31,
1.97; Males: HR = 2.03, 95% Cl=1.54, 2.61). While the magnitude of risk was larger in
males, the interaction by sex was not significant (p = .16 for PTSD by Sex). Further
adjustment for individual vascular factors (stroke, diabetes, and heart disease) and all three
combined did not attenuate the association (Females: HR = 1.59, 95% CI = 1.30, 1.95;
Males: HR = 1.96, 95% CI = 1.51, 2.55). Adjustment for TBI did not impact the association
between PTSD and dementia (Females: HR = 1.57, 95% CI = 1.28, 1.94; Males: HR = 1.92,
95% CI = 1.48, 2.50). After addition of depression to the models, males with PTSD had a
35% increase in risk (HR = 1.35; 95% CI = 1.04, 1.76), and for females, the association was
decreased and no longer significant (HR = 1.12; 95% CI = 0.91, 1.37). A sensitivity analysis
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building on the base model (including sex, race/ethnicity and with age as the time scale) to
account for healthcare utilization resulted in minimal attenuation of the PTSD hazard ratio
(HR: 1.61, 95% Cl=1.37, 1.89). The Kaplan-Meier depicting the probability of remaining
free of dementia over 13 years of follow-up for those with and without PTSD diagnosis by
sex are shown in Figure 2.

There was a significant three-way interaction between depression, PTSD, and sex (p = 0.006
for PTSD*Depression*Sex). Females and males with both PTSD and depression had over a
two-fold risk of dementia (Females: HR = 2.08; 95% CI = 1.66, 2.59; Males: HR = 2.06;
95% CI = 1.46, 2.91) compared to those with no PTSD without depression (Table 4).
Among those without depression, males with PTSD had nearly a two-fold risk of dementia
(HR =1.98; 95% CI = 1.32, 2.95), which was similar to males with depression, while
females with PTSD without depression did not have an increased risk of dementia (HR =
0.87; 95% CI = 0.52, 1.44). However, the number of females with PTSD without depression
(26%; n = 202) was smaller compared to females with both PTSD and depression (74%; n =
578).

4. Discussion

This is the first study of PTSD and dementia in civilians and of both males and females in
the U.S. Our results suggest that PTSD is associated with a significantly higher risk of
dementia for both females and males from a large population-based sample of members of
an integrated healthcare system in Northern California over 13 years. Adjustment for
demographics and vascular factors did not substantially explain differences in dementia risk
for females and males with PTSD. Overall, older adults with PTSD had approximately 70%
higher risk of dementia, with males having a two-fold risk and females having a 60% higher
risk, compared to those without PTSD. Hypothesized explanatory factors, including
diabetes, stroke, heart disease, and TBI, did not modify the magnitude of the risk of
dementia associated with PTSD. However, there was nearly a two-fold increase in risk for
both females and males with PTSD and depression. Interestingly, females with PTSD
without comorbid depression did not have an elevated risk, while the two-fold increase in
risk of dementia remained for males.

Prior research has shown a relationship between PTSD and dementia risk among male
veterans and prisoners of war, and in a population-based study of females and males from
Taiwan [4-6, 25]. In these past studies, older adults with PTSD had a two- to fourfold
increase in risk of dementia compared to those without PTSD. However, very few studies
have been conducted in civilian populations or among older females. This is the first study in
the U.S. to provide evidence for PTSD being a risk factor for dementia in both civilian
females and males in later life.

Comparing the current findings to the recent study in the Taiwan National Health Insurance
program, the magnitude of the association between PTSD and dementia was smaller in our
study compared to the Taiwan study [6]. These differences may have been due to greater
access to and use of healthcare. Importantly, the study in Taiwan employed case-control
matching and the control group excluded those with mental disorders, including depression,
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a major difference to our study design. This may have affected the size of the risk estimates
for PTSD, and especially if the control group was exceptionally healthy and had a much
lower risk of dementia.

One of the compelling findings from this study involves the two-fold increase in risk for
dementia among males and females with both PTSD and depression. It has been suggested
that rates of comorbid PTSD and depression may be as high as 50% [21, 26]. Several recent
studies have found that adults with PTSD were two to threes more likely to have comorbid
psychiatric disorders, including major depression, mood disorders, anxiety disorders, and
drug abuse/dependence [1, 3]. While the causal mechanism remains unclear, it is plausible
that PTSD is either a causal risk factor for depression, there is a bidirectional association, or
the comorbidity may reflect more severe PTSD symptoms, including greater overall distress
and physical and social impairments. Studies have also found sex differences in PTSD
symptoms and associated risk factors, including higher rates of depression in females [10,
27]. The higher rates of both PTSD and depression among females may be due to
differential PTSD risk and severity or differences in reporting. Future research should
consider potential sex differences in reporting of PTSD and symptom severity.

Several studies have examined the longitudinal relationship between PTSD and dementia.
Yet, very little is known about the causal mechanisms underlying this relationship. One
possible mechanism involves the physiological consequences of acute and chronic stress.
For instance, studies have suggested that damage to the hypothalamic pituitary adrenal
(HPA) cortical axis due to PTSD may result in an increased risk of dementia in later life
[16]. Additionally, PTSD may also increase susceptibility to oxidative stress, such as
increasing proinflammatory cytokines, increasing levels of C- reactive protein, altering of
homocysteine levels, increased inflammation, and elevated levels of p-amyloid [4, 16].
Neuroimaging studies have found a link between PTSD and decreased hippocampal gray
matter volume [16, 28]. Moreover, several neuroimaging studies have found that individuals
with PTSD have a smaller gray matter volume in the hippocampus, amygdala and anterior
cingulate, which are brain regions known to be implicated in memory [29-31]. PTSD has
also been linked to worse cognitive functioning and impairment in older populations [32,
33].

This study have several important strengths including being the first study to examine PTSD
as a risk factor in females and among civilian older adults in the U.S. In addition, this was
diverse sample of members of integrated health system in Northern California with up to 13
years of follow up on dementia diagnosis. We also had a breadth of information on chronic
conditions.

There are several limitations of this study that should be considered by future research. First,
it is possible that the sample includes individuals with prodromal symptoms of dementia that
were not captured between January 1, 1996 and December 31, 2001. Also in our large cohort
there was likely an under diagnosis of clinical PTSD and there was an inability to examine
subclinical cases of PTSD. However, this suggests a bias towards the null hypothesis and
likely this study may underestimate the size of the effect of PTSD on risk of dementia in
later life. Future studies should consider whether PTSD in earlier life is also a risk factor for
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dementia. In addition, it is possible that individuals with PTSD may be more likely to use
healthcare services and have a greater chance of being diagnosed with dementia. This may
lead to bias in the estimates of risk for dementia among individuals with PTSD. However,
individuals with PTSD were more likely to be censored due to a lapse in health plan
membership. This is in line with past studies that have shown that individuals with PTSD
were more likely to experience social vulnerabilities and occupational challenges, which
may result in loss of health insurance [17, 33]. If PTSD is associated with dementia risk, this
would result in an underestimation of dementia risk.

Another limitation of this study involved relying on a clinical diagnosis of PTSD, dementia,
and other comorbidities based on ICD-9-CM codes, a less sensitive method compared to
structured diagnostic interviews, which may lead to underestimating the prevalence of
PTSD, dementia, and other comorbidities. This also limits our ability to look at varying
levels of severity and subclinical cases of PTSD and their relationship with dementia.
However, this approach has been used successfully in the past [35-38], and this strategy has
been shown to have a sensitivity of 77% and specificity of 95% when compares to consensus
diagnosis of dementia using neuropsychiatric battery, physical exam, structured interview
with informants, and review of medical record [39]. A past study in older male veterans
found that PTSD was associated with risk of dementia, including different subtypes (i.e.,
Alzheimer’s Disease, Frontotemporal, Senile, Vascular, and Lewy Body Dementia) [4].
Future research should determine whether there are sex differences in association between
PTSD and risk of dementia subtypes. Finally, a diagnosis of PTSD is typically based on
previous exposure to a stressor or a traumatic event (e.g., combat, rape, brutal assault)[40].
However, it is possible that the observed comorbidity between PTSD and depression in this
study may be due to either symptom overlap or an inability to differentiate between the two
disorders in clinical settings [26]. It is also possible that these disorders may share common
mechanisms or may be prodromal symptoms of dementia. Future research is needed to
distinguish between these mental health disorders and better understand the mechanisms that
may increase risk for dementia.

This study found a two-fold risk of dementia in males with PTSD and nearly 60% higher
risk in females with PTSD. There was also a two-fold risk of dementia in males and females
members with both PTSD and depression. Future studies are needed to better understand the
mechanisms linking PTSD and dementia as well as potential sex differences. A greater
understanding of biological mechanism linking PTSD and dementia are needed, including
the use of neuroimaging methods to further elucidated potential causal pathways. Public
health interventions aimed at improving screening and treatment outcomes for PTSD are
also needed in aging populations. Finally, special attention to reducing chronic stress and
risk of PTSD in late life, and targeted interventions for individuals with PTSD and comorbid
depression are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Systematic review: In our literature review using PubMed, there were only a
handful of studies that have examined whether PTSD is a risk factor for
dementia. While females experience a two-fold increase in the prevalence of
PTSD, the majority of studies have been in predominantly male and veteran
populations. There is a need for population-based studies in the U.S. with
civilians and older females.

Interpretation: We found that PTSD was associated with a higher risk of
dementia in both female and male members of a healthcare system in the U.S.
Those with comorbid PTSD and depression had a two-fold increase in risk of
dementia, which may suggest that the association between PTSD and risk of
dementia may vary by the severity of PTSD symptoms.

Future directions: Screening, improving treatments outcomes, and reducing
risk for trauma and subsequent PTSD may help to decrease the incidence of
dementia in both sexes.
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0f1/1/2002 (n=499,844)

Excluded from analyses

Missing data, n =18

Final analytic sample: KPNC member,
alive, and no prior diagnosis of dementia

(n=499,829)

Page 12

Diagnosed with
dementia

(n=59,127, 11.8%)

Died

(n=122,552, 27.8%)

End of health plan
membership

(n = 129,524, 29.4%)

KPNC member, alive, and
no diagnosis of dementia
at end of follow up
(n=188,641, 42.8%)

Figure 1.

Flow chart of study participants. Abbreviation: KPNC, Kaiser Permanente Northern

California.
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Fig. 2.
The Kaplan-Meier survival curves depicting the probability of remaining free of dementia

by PTSD and sex. Note: PTSD: post-traumatic stress disorder.
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Table 1

Baseline characteristics of the sample by PTSD diagnosis

Characteristics Non-PTSD PTSD P-value
(n = 498,697) (n=1,147)

Age (y), mean (SD) 71.1(7.9) 67.7 (6.9) <0.001
Females, % 272,550 (54.7) 780 (68.0)  <0.001
Race\Ethnicity, % <0.001

White 340,538 (68.3%) 770 (67.1%)

Black 31,556 (6.3%) 82 (7.1%)

Latino 36,971 (7.4%) 105 (9.2%)

Native American 2,163 (0.4%) 9 (0.8%)

Pacific Islander 1,790 (0.4%) 1(0.1%)

Asian 47,411 (9.5%) 78 (6.8%)

Other 20,703 (4.2%) 91 (7.9%)
Diabetes, % 85,285 (17.1%) 205 (17.9%)  0.49
Stroke, % 41625 (8.3%) 104 (9.1%) 0.38
Heart disease, % 168,115 (33.7%) 400 (34.9%)  0.41
Traumatic brain injury, % 6,852 (1.4%) 66 (5.8%) <0.001
Depression, % 42,117 (8.4%) 813 (70.9%)  <0.001

Note: PTSD: post-traumatic stress disorder.
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Table 2

Dementia incidence rates by PTSD diagnosis and sex, 2002-2014

PTSD diagnosis by sex  Events

Person-years

Age adjusted incidence rates per
1000 person-years (95% CI)

Total
No PTSD 58,978
PTSD 149
Female
No PTSD 35,965
PTSD 93
Male
No PTSD 23,013
PTSD 56

3,993,284
9,217

2,228,678
6,486

1,764,606
2,731

11.11 (11.02. 11.20)
17.53 (14.40, 20.65)

11.47 (11.35, 11.59)
17.03 (13.21,20.85)

10.54 (10.40, 10.68)
18.73 (13.25, 24.20)

Note: PTSD: post-traumatic stress disorder; Cl: confidence interval
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Table 3

PTSD and risk of dementia from Cox proportional hazards models with age as the time scale and adjusted for
comorbidities

Overall

HR (95% CI)
Model 1: Unadjusted, age as time scale 1.76 (1.49, 2.06)
Model 2: Model 1 plus sex and race/ethnicity 1.73 (1.47, 2.02)
Model 3: Model 2 plus diabetes, heart disease, and stroke 1.70 (1.45, 2.00)

Model 4: Model 3 plus traumatic brain injury and depression ~ 1.20 (1.02, 1.41)

Note: PTSD: post-traumatic stress disorder; HR: hazard ratio; Cl: confidence interval
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Table 4

Joint effects of PTSD and depression on risk of dementia by sex from Cox proportional hazard models using
age as the time scale

Total Female Male

HR (95% CI) HR (95% CI) HR (95% CI)
No PTSD without depression ~ 1.00 1.00 1.00
No PTSD with depression 1.78 (1.74,1.83) 1.74(1.69,1.79) 192 (1.84,2.01)
PTSD without depression 1.32(0.96,1.81) 0.87(0.52,1.44) 1.98(1.32,2.95)
PTSD with depression 2.06 (1.71,2.49) 2.08(1.66,2.59) 2.06 (1.46,2.91)

Note: Models adjusted for age (as the time scale), demographics (race/ethnicity) and comorbidities (diabetes, heart disease, stroke, and traumatic
brain injury); Three-way interaction (PTSD*Depression*Sex; p = 0.006). PTSD: post-traumatic stress disorder; HR: hazard ratio; Cl: confidence
interval
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