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Objective: To determine whether World Trade Center (WTC)-exposure
intensity and post-traumatic stress disorder (PTSD) are associated with
subjective cognitive change in rescue/recovery workers.
Method: The population included 7875 rescue/recovery workers who
completed a subjective cognition measure, the Cognitive Function
Instrument (CFI), between 3/1/2018 and 2/28/2019 during routine
monitoring, indicating whether they had experienced cognitive and
functional difficulties in the past year. Higher scores indicated greater
self-perceived cognitive change. Probable PTSD, depression, and
alcohol abuse were evaluated by validated mental health screeners.
Logistic regression assessed the associations of WTC exposure and
current PTSD with top-quartile (≥2) CFI score, and of early post-9/11
PTSD with top-quartile CFI in a subpopulation (N = 6440). Models
included demographics, smoking, depression, and alcohol abuse as
covariates.
Results: Mean age at CFI completion was 56.7 � 7.7 (range: 36–81).
Participants with high-intensity WTC exposure had an increased
likelihood of top-quartile CFI score (odds ratio[OR] vs. low exposure:
1.32, 95%CI: 1.07–1.64), controlling for covariates. Current and early
PTSD were both associated with top-quartile CFI (OR: 3.25, 95%CI:
2.53–4.19 and OR: 1.56, 95%CI: 1.26–1.93) respectively.
Conclusions: High-intensity WTC exposure was associated with self-
reported cognitive change 17 years later in rescue/recovery workers, as
was PTSD. Highly WTC-exposed subgroups may benefit from
additional cognitive evaluation and monitoring of cognition over time.
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Significant outcomes

• We assessed subjective cognitive change in a cohort of World Trade Center (WTC) first responders
17 years after 9/11/2001 (9/11). The cognitive concerns that were most commonly reported were
memory-related.

• WTC first responders who had high-intensity WTC exposure were more likely to report subjective
cognitive concerns than were responders who had lower-level WTC exposure.

• We observed a cross-sectional association between current probable post-traumatic stress disorder
(PTSD) and subjective cognitive concerns, and also found that probable PTSD in the year after 9/11
was associated with a greater odds of subjective cognitive concerns 17 years later.
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Introduction

Cognitive impairment is a growing public health
concern in the United States, given an aging popu-
lation (1–3). Among US adults aged ≥ 45 years
surveyed between 2015 and 2016, ~11% reported
experiencing subjective cognitive decline in the pre-
vious year (4). In older adults, subjective cognitive
decline was associated with an increased likelihood
of biomarker abnormalities consistent with Alzhei-
mer’s disease pathology, as well as an increased
risk for future pathologic cognitive decline and
dementia (5–8).

Age, depression, and certain socioeconomic fac-
tors are well-established risk factors for cognitive
impairment and dementia (9–11). Previous studies
have also found post-traumatic stress disorder
(PTSD) to be associated with reduced cognitive
function (12–14) and deficits in multiple cognitive
domains (12, 15, 16). Notably, PTSD earlier in life
has been linked to worse cognitive performance in
later years (12, 14). A recent study in a cohort of
1193 World Trade Center (WTC)-exposed first
responders showed that participants had worse
performance on the neuropsychological battery
Cogstate when compared with normative data (15)
and that PTSD symptoms, measured using the
PTSD Checklist (PCL), were associated with worse
cognitive function.

We previously reported that 10% of WTC-ex-
posed Fire Department of the City of New York
(FDNY) rescue/recovery workers screened positive
for PTSD in the year following 9/11/2001 (9/11)
(17), and that higher-intensity WTC exposure,
defined as early arrival at the WTC site, was asso-
ciated with more PTSD symptoms (18, 19). As this
disaster-exposed cohort ages, the need to assess the
effect of potential risk factors for cognitive decline
becomes imperative.

We added a subjective cognitive measure to the
FDNY health monitoring questionnaire in order
to identify the prevalence of and risk factors for
self-reported cognitive concerns. The aims of the
current investigation were to identify the most fre-
quently reported types of cognitive concerns

17 years post-9/11 among FDNY WTC-exposed
rescue/recovery workers, and to assess whether
WTC exposure intensity and PTSD are associated
with self-reported cognitive deficits.

Methods

Study population

The source population for this study included fire-
fighters and Emergency Medical Service workers
(EMS) who were actively employed by FDNY on
9/11 and first arrived at the WTC site between 9/
11-9/24/2001 (N = 11 483). Both active and
retired WTC-exposed FDNY firefighters and
EMS undergo medical monitoring at FDNY every
12–18 months; these visits include the administra-
tion of health questionnaires as well as a physical
examination. In 2018, a self-administered subjec-
tive measure of cognition and function, the Cogni-
tive Function Instrument (CFI) (20–22),was added
to the medical monitoring questionnaire. The final
study population was restricted to individuals who
completed the CFI during a routine medical moni-
toring visit that took place between 3/1/2018-2/28/
2019 (N = 7875). All participants provided written
informed consent. The Montefiore Medical Cen-
ter/Albert Einstein College of Medicine Institu-
tional Review Board approved this study.

Participant characteristics

Participants’ race, sex, and age were taken from
the FDNY employee database. Smoking status
(current, former, or never smoker) was reported
during routine medical monitoring via the self-ad-
ministered health questionnaire. Individuals who
consistently reported never smoking were catego-
rized as never smokers, and those who reported
past or current smoking on their most recent moni-
toring examination were classified as former or
current smokers respectively. Participants’
education level was obtained from the same
questionnaire.

Limitations

• We used a subjective cognitive measure, the validated Cognitive Function Instrument, to assess par-
ticipants’ cognition instead of an objective measure.

• Participants’ baseline cognitive function was not assessed.

• The majority of participants with current probable PTSD (92%) had concurrent probable depres-
sion.
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WTC exposure

WTC exposure was defined according to partici-
pants’ time of initial arrival at the WTC site. Dur-
ing their first post-9/11 medical monitoring
examination, participants indicated whether they
had arrived at the site on the morning of 9/11
(high-intensity exposure), the afternoon of 9/11 or
on 9/12/2001 (moderate exposure), or between 9/
13–9/24/2001 (low exposure).

PTSD symptoms, depressive symptoms, and alcohol abuse

We assessed PTSD symptoms, depressive symp-
toms, and harmful alcohol consumption via self-
administered health questionnaires. Early post-9/
11 PTSD symptoms were assessed using a modified
version of the PTSD Checklist (PCL-m) (23). In
the PCL-m, 14 questions were modified to fit the
context of 9/11, and the answer choices were bin-
ary (‘yes’/‘no’). A positive score on the PCL-m
required symptoms within each of the three DSM-
IV-TR PTSD symptom groups (re-experiencing,
arousal, and avoidance). In our population, the
modified measure was found to be similar to the
standard 17 item PCL (18, 24). Depressive symp-
toms and alcohol abuse were not measured at that
time. From 2005 onward, the FDNY monitoring
questionnaire included the PCL Specific (PCL-S)
(23, 25, 26), as well as the Center for Epidemio-
logic Studies Depression Scale (CES-D) (27), and
the Alcohol Use Disorder Identification Test
(AUDIT) (28). A modified version of the Life
Events Checklist (29) was included in the monitor-
ing questionnaire along with the PCL-S. The list of
potential traumatic experiences was condensed
into six items, and WTC exposure was added as an
option. In a subsequent question, as part of the
PCL-S, participants identified the index event by
indicating which event was most traumatic to
them. Participants who screened positive for PTSD
on a monitoring examination in the year after 9/11
were considered to have early post-9/11 probable
PTSD, and those who had a PCL-S score ≥ 44,
CES-D score ≥ 16 or AUDIT score ≥ 8 between
3/1/2018-2/28/2019 were considered to have cur-
rent probable PTSD, probable depression, or
probable alcohol abuse respectively. Henceforth,
we refer to these conditions as early post-9/11
PTSD, current PTSD, current depression, and cur-
rent alcohol abuse.

Subjective cognitive function

The CFI, a validated, 14-item measure of perceived
cognitive and functional change over the past year

(20), was added to the FDNY monitoring ques-
tionnaire on 3/1/2018. The CFI was developed to
identify early cognitive changes in individuals
without clinical impairment, who may eventually
progress to dementia; it has been shown to be sen-
sitive to decline in longitudinal studies of older
adults (20, 30, 31). Individuals responded ‘Yes’,
‘Maybe’, or ‘No’ when asked if certain aspects of
their cognition and functional abilities had wors-
ened compared to one year ago; responses were
scored as 1, 0.5, and 0 points respectively. Each
participant received a total score between 0 and 14,
with higher scores corresponding to greater self-
assessed cognitive change. We also calculated an
adjusted CFI score by excluding participant
responses to a question about social isolation, as
this question existed in some form on both the
PCL and the CES-D. Possible values for the
adjusted CFI score ranged from 0 to 13.

Statistical analyses

Demographics and other characteristics of the
WTC-exposed FDNY cohort and the final study
population were assessed as proportions and
means. The proportion of positive answers for
each item on the CFI was calculated among those
in each of the three WTC exposure groups and
among those with concurrent PTSD and depres-
sion, those with current PTSD but no depression,
those with current depression but no PTSD, and
those with neither condition. To evaluate a poten-
tial association between WTC exposure and sub-
jective cognitive concerns, we fit a logistic
regression model of WTC exposure level predicting
elevated CFI score (top quartile), controlling only
for age, sex, race, education level, work assignment
(firefighter or EMS) on 9/11, and smoking status
and then performed multivariable logistic regres-
sion analyses that included the mental health con-
ditions described above.

Multivariable logistic regression analyses tested
the associations of PTSD with elevated CFI score;
we first evaluated the association between current
PTSD and elevated CFI score and then tested
whether early post-9/11 PTSD was related to this
outcome in the subpopulation of those who had
had a medical monitoring examination in the year
after 9/11 (9/11/2001-9/10/2002) (N = 6440), con-
trolling for the demographic variables, smoking
status, work assignment on 9/11, WTC exposure
level, current depression, and alcohol abuse.

Because risk of cognitive decline is known to
increase with age, in secondary analyses, we
repeated the logistic regression analyses described
above in two subgroups defined by age at the time
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of CFI completion, examining the associations of
WTC exposure level and PTSD with elevated CFI
scores in younger (aged 36–55) and older (aged 56–
81) participants. Sensitivity analyses were then per-
formed, including one which assessed whether
WTC exposure intensity or PTSD was associated
with having a CFI score in the top decile, and
another that assessed the associations of WTC
exposure and PTSD with top-quartile-adjusted
CFI score (CFI score excluding the social isolation
question). These logistic models included age, sex,
race, education level, work assignment on 9/11,
smoking status, and current depression and alco-
hol abuse. We selected these covariates because
they are known correlates of mental health condi-
tions and/or cognitive problems.

SAS version 9.4 was used to analyze the data. All
reported P-values are two-sided and considered
significant when <0.05.

Results

Population characteristics

Characteristics of the source population and the
final study cohort are presented in Table 1. The
mean age of rescue/recovery workers who took the
CFI was 56.7 � 7.7 (range: 36–81) years, and the
median CFI score was 0 (interquartile range [IQR]:
0–2, range: 0–14). The study population was simi-
lar to the source population in terms of age, WTC
exposure, and education level, but had a slightly
greater proportion of individuals who worked as
firefighters on 9/11 (Table 1), and a lower propor-
tion of individuals who screened positive for
depression on their most recent medical monitor-
ing examination.

Of the 638 participants with current PTSD, 538
(84.3%) indicated that their index event was WTC
rescue/recovery work, although 473 (74.1%)
reported multiple traumatic life experiences.
Twenty-two per cent of the current PTSD sub-
group who had received medical monitoring the
year after 9/11 (106/482) had early post-9/11
PTSD. We also noted that 584 individuals with
current PTSD had concurrent depression (91.5%).

Table 2 shows the individual CFI questions and,
for each question, the proportion of participants
who gave a positive answer. Fig. 1 displays levels
of endorsement of the individual CFI questions in
the three WTC exposure groups (Fig. 1a) and in
participants with (i) concurrent PTSD and depres-
sion (N = 584), (ii) current PTSD but no depres-
sion (N = 54), (iii) current depression but no
PTSD (N = 738), and (iv) neither PTSD nor
depression (N = 6499) (Fig. 1b). Approximately

7.8% of the study cohort, 10.5% of participants
with high-level WTC exposure, and 38.4% of par-
ticipants with concurrent PTSD and depression,
responded ‘yes’ when asked about having substan-
tial memory decline in the past year. The most
common memory-related complaints were
increased reliance on written reminders (19.0% of
the cohort) and difficulty recalling names and
words (14.2%). Among those classified as having
high WTC exposure, 24.0% reported increased
reliance on written reminders and 18.2% reported
difficulty recalling names and words, vs. 18.1%
and 13.5% of the moderate exposure group and
17.2% and 12.6% of the low exposure group
respectively (Fig. 1a). The majority of participants

Table 1. Population characteristics

Variable

WTC-exposed FDNY
firefighters and EMS
N = 11 483

Study population
N = 7875

Age on 9/11 39.7 � 7.7 39.7 � 7.6
Age at subjective cognitive assessment, N (%)
30–39 – 66 (0.8)
40–49 – 1400 (17.8)
50–59 – 3480 (44.2)
60–69 – 2525 (32.1)
70–79 – 399 (5.1)
80+ – 5 (0.1)

Sex, N (%)
Male 11 157 (97.2) 7682 (97.5)
Female 326 (2.8) 193 (2.5)

Race, N (%)
White 10 132 (88.2) 7064 (89.7)
Black 579 (5.0) 320 (4.1)
Hispanic 704 (6.1) 444 (5.6)
Other 68 (0.6) 47 (0.6)

World Trade Center site arrival time, N (%)
Morning of 9/11 1986 (17.3) 1337 (17.0)
Afternoon on 9/11–9/12 7816 (68.1) 5423 (68.9)
9/13–9/24 1681 (14.6) 1115 (14.2)

Work assignment on 9/11, N (%)
Firefighter 9849 (85.7) 6901 (87.6)
EMS 1634 (14.2) 974 (12.4)

Education level, N (%)
High school 2200 (19.5)† 1465 (18.6)
Some college 4687 (41.2)† 3258 (41.4)
Associate’s Degree 1318 (11.7)† 941 (12.0)
Bachelor’s Degree 3070 (27.2)† 2211 (28.1)

Smoking status, N (%)
Never 7385 (64.3)‡ 5197 (66.0)
Former 3593 (31.3)‡ 2444 (31.0)
Current 499 (4.3)‡ 234 (3.0)

Early post-9/11 PTSD 877 (9.7)§ 609 (9.5)‡‡
Current PTSD 1065 (9.4)¶ 638 (8.1)
Current depression 2134 (18.8)†† 1322 (16.8)
Current alcohol abuse 957 (8.4)†† 584 (7.4)

†N = 11 275.
‡N = 11 477.
§N = 9054.
–N = 11 368.
††N = 11 363.
‡‡N = 6440.
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with concurrent PTSD and depression endorsed
increased reliance on written reminders and diffi-
culty recalling names and words (60.8% and
54.3%, respectively), compared with individuals
who had current PTSD only (46.3% and 24.1%,
respectively), those who had current depression
but no current PTSD (41.6% and 33.9%, respec-
tively), and those who had neither current depres-
sion nor PTSD (12.4% and 8.3%, respectively).
The majority of individuals in the concurrent
PTSD and depression group also reported social
isolation (56.0%), compared with 16.7% of the
group with current PTSD only, 30.9% of the
group with current depression only and 3.1% of
individuals who had neither mental health condi-
tion.

WTC exposure and elevated CFI score

A logistic regression model that controlled for
demographic variables, work assignment, and
smoking status, but not for any of the mental
health conditions (PTSD, depression and alcohol
abuse) showed that both high- and moderate-level
WTC exposures were associated with elevated CFI
scores (≥2) (odds ratio [OR] vs. low exposure: 1.67,
95% CI: 1.39–2.01 and 1.23, 95% CI: 1.05–1.44,

respectively) (Table 3). In the logistic model that
controlled for the mental health variables as well
as demographics, work assignment, and smoking,
high WTC exposure remained independently asso-
ciated with elevated CFI scores (Table 4), although
the association was attenuated.

PTSD and elevated CFI score

We observed a strong cross-sectional association
between PTSD and elevated CFI scores
(Table 4A). Participants with current PTSD were
more than three times as likely to have a CFI score
in the top quartile as those who did not screen pos-
itive (OR: 3.25, 95% CI: 2.53–4.19), after control-
ling for current depression, current alcohol abuse,
demographic characteristics, work assignment,
smoking status, and WTC exposure level.

Individuals who had early post-9/11 PTSD were
more likely to have an elevated CFI score than
those who did not have PTSD in the year after 9/
11 (OR: 1.56, 95% CI: 1.26-1.93), controlling for
current depression and the other covariates
(Table 4B).

Secondary analysis

Twenty-four per cent (N = 857) of participants
who were aged 36–55 when taking the CFI
scored ≥ 2. In these participants, high-intensity
WTC exposure predicted elevated CFI score in a
logistic model that controlled for demographic
characteristics, work assignment, and smoking sta-
tus (OR vs. low-level exposure: 1.52, 95% CI:
1.15–2.00). Once current PTSD, depression, and
alcohol abuse were included in the logistic model,
the association between high-intensity exposure
and elevated CFI score was no longer statistically
significant (OR: 1.18, 95% CI: 0.85–1.63), but a
strong association remained between current
PTSD and the outcome (OR: 3.73, 95% CI: 2.56–
5.45). Logistic regression analysis showed a bor-
derline significant association between early post-
9/11 PTSD and elevated CFI score (OR: 1.40,
95% CI: 1.00–1.96) in the subgroup of younger
participants with available early post-9/11 mea-
surements.

CFI scores ≥ 2 were observed in 28%
(N = 1199) of individuals who were over age 55 at
the time of assessment. High-intensity WTC expo-
sure was also predictive of elevated CFI scores in
individuals over 55, when controlling for demo-
graphic characteristics, work assignment and
smoking status (OR vs. low-level exposure: 1.80,
95% CI: 1.41–2.30). High WTC exposure
remained significantly associated with elevated

Table 2. Participants who responded ‘yes’ to CFI questions

Question
All (N = 7875)

N (%)

1. Compared to one year ago, do you feel that your memory has
declined substantially?

610 (7.8)

2. Do others tell you that you tend to repeat questions over and
over?

502 (6.4)

3. Have you been misplacing things more often? 730 (9.3)
4. Do you find that lately you are relying more on written
reminders (e.g., shopping lists, calendars)?

1495 (19.0)

5. Do you need more help from others to remember appointments,
family occasions or holidays?

741 (9.4)

6. Do you have more trouble recalling names, finding the right
word, or completing sentences?

1116 (14.2)

7. Do you have more trouble driving (e.g., do you drive more
slowly, have more trouble at night, tend to get lost, have
accidents)?

430 (5.5)

8. Do you have more difficulty managing money (e.g., paying bills,
calculating change, completing tax forms)?

229 (2.9)

9. Are you less involved in social activities? 765 (9.7)
10. Has your work performance (paid or volunteer) declined
significantly compared to one year ago?

374 (4.8)

11. Do you have more trouble following the news, or the plots of
books, movies or TV shows, compared to one year ago?

284 (3.6)

12. Are there any activities (e.g., hobbies, such as card games,
crafts) that are substantially more difficult for you now compared
to one year ago?

283 (3.6)

13. Are you more likely to become disoriented, or get lost, for
example when traveling to another city?

186 (2.4)

14. Do you have more difficulty using household appliances (such
as the washing machine, VCR or computer)?

98 (1.2)
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CFI score in older participants after controlling
for the mental health variables (OR: 1.45, 95% CI:
1.09–1.92). Current PTSD was associated with

elevated CFI score in this age group (OR: 2.89,
95% CI: 2.06–4.07), as was early post-9/11 PTSD
(OR: 1.71, 95% CI: 1.30–2.24).

Sensitivity analyses

In a sensitivity analysis, in which we defined ele-
vated CFI score as top decile CFI score (≥5), high-
level WTC exposure remained associated with an
increased odds of elevated CFI score (OR vs. low-
level exposure: 1.78, 95% CI: 1.37–2.31) when only
demographic characteristics, work assignment,
and smoking were included in the logistic model.
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Fig. 1. Levels of endorsement of CFI questions. Panel a shows the proportion of participants in the high (blue), moderate (red), and
low (green) WTC exposure groups who endorsed the individual CFI questions. Panel b shows what proportion of participants with
current PTSD and depression (blue), current PTSD but no current depression (purple), current depression but no current PTSD
(red), and neither current PTSD nor current depression (green) endorsed each question. The question numbers on the x-axes for both
panels correspond to the questions in Table 2.

Table 3. Logistic regression analysis of World Trade Center (WTC) exposure inten-
sity predicting elevated (top quartile) Cognitive Function Instrument score†

Variable Odds ratio 95% Confidence interval

WTC exposure
High (vs. low) 1.67 1.39–2.01
Moderate (vs. low) 1.23 1.05–1.44

Age (per 10 years) 1.21 1.13–1.29
Higher education level 0.88 0.84–0.92

†Adjusted for race, gender, smoking status, and work assignment.
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When the mental health conditions were also
included as covariates, the association between
WTC exposure and elevated CFI score was attenu-
ated and no longer statistically significant (OR:
1.19, 95% CI: 0.87–1.62). Both early post-9/11 and
current PTSD were still associated with elevated
CFI score (OR: 1.47, 95% CI: 1.12–1.92 and OR:
3.54, 95% CI: 2.83–4.43.).

A second sensitivity analysis used the adjusted
CFI score, which excluded the question about
social isolation. In this analysis, high-level WTC
exposure increased the odds of having an adjusted
CFI score in the top quartile (≥1.5) (OR: 1.56,
95% CI: 1.31–1.87); this association remained even
after controlling for current PTSD, depression,
and alcohol abuse (OR: 1.25, 95% CI: 1.02–1.52).
The associations between PTSD and top-quartile
CFI score were similar to those observed in our
primary analyses.

Discussion

Our study is the first to investigate subjective cog-
nitive concerns in FDNY firefighters and EMS
who participated in the WTC rescue/recovery
effort. High-intensity WTC exposure was predic-
tive of self-reported cognitive change in the previ-
ous year in this population, even after controlling
for PTSD, depression, and alcohol abuse. This
finding is in line with the results of a recent study
of cognitive function in non-FDNY WTC respon-
ders, which found that participants had worse cog-
nitive function than would have been expected
relative to age-matched clinical trial data (15). In
that investigation, an objective measure of cogni-
tive function was used. This previous study also
found that responders who spent ≥ 5 weeks at the

WTC site had an increased risk of cognitive dys-
function and that those with more PTSD symp-
toms were at the greatest risk (15). In our study,
the association between WTC exposure level and
elevated CFI score was attenuated after controlling
for the mental health conditions of PTSD, depres-
sion, and alcohol abuse. Age-stratified analyses
showed that while higher-level WTC exposure,
PTSD, depression, and alcohol abuse were all sig-
nificantly associated with elevated CFI score in
older individuals (age> 55), higher WTC exposure
did not predict elevated CFI score in younger par-
ticipants (age 36–55) after controlling for the men-
tal health conditions. In both age groups, early
post-9/11 PTSD was associated with a modest
increase in the odds of having an elevated CFI
score 17 years later, and current PTSD and depres-
sion were both strongly associated with elevated
CFI scores.

Approximately 8% of WTC-exposed FDNY
workers reported increasing memory loss in the
year prior to their 2018–2019 medical monitoring
examination, which was lower than the 11% of US
adults ≥ 45 in 2016 who reported experiencing
increased confusion or memory loss in the past
12 months (4). In our population, this complaint
was more prevalent in the subset of participants
with high-intensity WTC exposure (11%) and was
especially notable in those with concurrent PTSD
and depression (38%). CFI items related to cogni-
tion received higher levels of endorsement than
those related to functional difficulties. The most
commonly reported concerns were memory-re-
lated, such as greater reliance on written reminders
and more difficulty recalling names and words.
More than half of the individuals who had both
current PTSD and depression endorsed these CFI
items. After controlling for potential confounders,
we observed associations between current PTSD
and depression and subjective cognitive concerns,
as well as a longitudinal association between early
post-9/11 PTSD and subjective cognitive concerns.

The version of the PCL that was used to assess
current PTSD in our cohort was the PCL-S, which
asked participants about symptoms related to a
specific traumatic event that they had identified as
their most traumatic experience. Eighty-four per
cent of individuals with current PTSD indicated
that WTC rescue/recovery work was their most
traumatic, but not necessarily their only traumatic
event, which suggests that current PTSD symp-
toms in this population remain largely linked to
WTC exposure. We note, however, that 74% of
those with current PTSD reported that they had
experienced more than one traumatic event, possi-
bly due to their work as firefighters and/or EMS

Table 4. Logistic regression analyses modeling associations of World Trade Center
(WTC) exposure intensity and PTSD with elevated (top quartile) Cognitive Function
Instrument score†

Variable

Model A Model B‡

Odds
ratio

95%
Confidence
interval

Odds
ratio

95%
Confidence
interval

WTC exposure
High (vs. low) 1.32 1.07–1.63 1.30 1.03–1.65
Moderate (vs. low) 1.13 0.94–1.35 1.12 0.91–1.36

Current PTSD 3.25 2.53–4.19 N/A
Early post-9/11 PTSD N/A 1.56 1.26–1.93
Current depression 9.12 7.75–10.73 13.17 11.22–15.46
Current alcohol abuse 1.99 1.61–2.46 1.98 1.56–2.51
Age (per 10 years) 1.24 1.15–1.35 1.23 1.13–1.35
Higher education level 0.88 0.83–0.93 0.86 0.81–0.91

†Adjusted for race, gender, smoking status, and work assignment.
‡N = 6440.
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workers. These data raise the possibility that
PTSD symptoms in FDNY WTC rescue/recovery
workers result from experiencing multiple trau-
matic exposures. This type of PTSD has been asso-
ciated with increased symptom severity and worse
outcomes when compared with single-incident
PTSD (32, 33).

Many previous studies of PTSD and cognitive
function were carried out in populations of mili-
tary veterans (16, 34, 35); however, a connection
between PTSD and cognitive impairment has also
been observed in studies of individuals exposed to
other types of trauma (12, 13, 36), as well as in one
study involving a general population (14). In the
previously noted cohort of non-FDNY WTC
responders, PTSD symptoms were associated with
an increased risk of cognitive impairment (15).
Responders with PTSD had worse performance on
the online neuropsychological battery Cogstate
across multiple cognitive domains, including mem-
ory. PTSD was also linked to worse learning/work-
ing memory and psychomotor speed in a cohort of
non-WTC-exposed civilians who completed the
same neuropsychological battery (14).

The CFI is a subjective cognitive measure that
was previously validated in an older civilian popu-
lation (20, 22). In cross-sectional analyses, CFI
scores have been associated with cognitive impair-
ment and/or worse cognition (20, 37, 38). In longi-
tudinal studies, baseline CFI scores and change in
CFI scores over time predicted cognitive decline
(20, 30, 31). We chose to use the CFI due to its
brevity and ease of administration. While our
results suggest a connection between PTSD, both
past and current, and worsening cognition in
FDNY WTC-exposed rescue/recovery workers,
further research using an objective cognitive
assessment will be needed to confirm this associa-
tion. Our use of self-report data means that this
study was vulnerable to state-dependent bias: indi-
viduals with current PTSD and/or depressive
symptoms may be more concerned about their cog-
nitive function, and therefore more likely to
endorse CFI items, compared to those who are not
experiencing these symptoms. Use of an objective
cognitive assessment in future studies will allow us
to determine whether there are observable differ-
ences in objective cognition between the aforemen-
tioned groups.

A second study limitation was our use of the
PCL-m to assess individuals’ PTSD symptoms at
baseline, as this measure was not externally vali-
dated; however, we found high agreement between
the PCL-m and the PCL in our population (24).
We also did not have information on individuals’
baseline cognitive status, as no cognitive

assessment was performed in this population
before 3/1/2018. However, because participants
were 17 years younger and part of a healthy occu-
pational cohort on 9/11, it is reasonable to expect
that most were cognitively normal at baseline.

It is important to note that certain CFI items are
similar to items on the PCL and the CES-D.
Specifically, there is a question about social isola-
tion on all three questionnaires. We addressed this
concern of overlap by performing a sensitivity
analysis that excluded the social isolation question
from individuals’ CFI scores, and finding similar
results to our primary analyses. The PCL also has
a question having to do with memory problems;
however, this question differs from memory ques-
tions on the CFI in that it is specific to loss of
memories of the traumatic event(s).

We observed a high level of comorbidity
between current PTSD and current depression: the
vast majority (92%) of participants with current
PTSD had concurrent depression. Studies have
consistently shown depression to be associated
with cognitive impairment and dementia (9, 10, 39,
40). In our analyses, depression was the variable
associated with the greatest increase in the odds of
subjective cognitive concerns: individuals with cur-
rent depression were over nine times more likely to
have an elevated CFI score than those without cur-
rent depression. Since there were relatively few
individuals (N = 54) with current PTSD who did
not have current depression in our study cohort,
we did not conduct our primary analyses in this
subpopulation, and instead controlled for depres-
sion in our analyses to determine if PTSD and ele-
vated CFI scores were independently associated.

Selection bias was a concern in this study
because only 69% of FDNY rescue/recovery
workers had a medical monitoring examination
after the CFI was incorporated into the FDNY
mental health questionnaire. The rescue/recovery
workers who participated in the study were similar
to the source population in age and education
level. While individuals who are experiencing cog-
nitive and/or mental health problems may be less
likely to attend FDNY health monitoring exams
than those without these problems, not being seen
in any 12-month interval is typically the result of
normal scheduling delays rather than disease.

Finally, while we found that high-intensity WTC
exposure was modestly associated with subjective
cognitive concerns 17 years later, we believe that
the observed effect may be due to the high preva-
lence of WTC exposure-related illnesses among the
most exposed. Several chronic physical health ill-
nesses, ranging from acid reflux to asthma, have
been linked to greater WTC exposure (17) and
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some of these illnesses or their treatments could be
risk factors for cognitive impairment (41) in WTC
rescue/recovery workers. Future research examin-
ing risk factors for cognitive impairment in WTC-
exposed rescue/recovery workers should evaluate
the association between WTC-related health condi-
tions and cognitive function using mediation anal-
yses. The identification of certain WTC-related
illnesses as risk factors for cognitive impairment
will highlight groups that may benefit from addi-
tional cognitive diagnostic evaluations and inter-
ventions.

Study strengths include the use of a subjective
cognitive measure that is sensitive to early-stage
cognitive impairment, as well as the use of different
cut-points to determine which CFI scores were
classified as elevated in our analyses. Another
study strength was the availability of a wide range
of data for this study population, including infor-
mation on several potential confounders, via the
FDNYWTC Health Program.

In summary, rescue/recovery workers who had
high-intensity WTC exposure, and those who have
or had PTSD, have an elevated risk of self-re-
ported cognitive concerns. Self-perceived decline in
cognitive functioning may be associated with
increased cognitive decline and dementia (5). Not
surprisingly, our results indicate that other mental
health conditions, particularly depression and
alcohol abuse, are also risk factors for self-re-
ported cognitive concerns in this population. Iden-
tification of high-risk subgroups within the WTC
rescue/recovery worker population will facilitate
early detection of cognitive impairment via objec-
tive cognitive battery, and therefore allow for early
intervention and disease monitoring.

Acknowledgements

This study was supported by National Institute for Occupa-
tional Safety and Health contracts #200-2011-39383, #200-
2011-39378, #200-2017-93426, and #200-2017-93326.

Data availability statement

The data that support the findings of this study are available
on request from the corresponding author, in accordance with
the FDNY WTC Health Program data sharing agreement.
The data are not publicly available due to privacy or ethical
restrictions.

References

1. Blazer DG, Yaffe K, Liverman CT, eds. Cognitive aging:
progress in understanding and opportunities for action.
Washington, DC: The National Academies Press, 2015.

2. Moyer VA. Screening for cognitive impairment in older
adults: U.S. Preventive Services Task Force recommenda-
tion statement. Ann Intern Med 2014;160:791–797.

3. Perry W, Lacritz L, Roebuck-Spencer T et al. Population
health solutions for assessing cognitive impairment in geri-
atric patients. Innov Aging 2018;2:igy025.

4. Taylor CA, Bouldin ED, McGuire LC. Subjective cognitive
decline among adults aged >/=45 years - United States,
2015–2016. MMWR Morb Mortal Wkly Rep
2018;67:753–757.

5. Jessen F, Amariglio RE, van Boxtel M et al. A conceptual
framework for research on subjective cognitive decline in
preclinical Alzheimer’s disease. Alzheimers Dement
2014;10:844–852.

6. Mitchell AJ, Beaumont H, Ferguson D, Yadegarfar M,
Stubbs B. Risk of dementia and mild cognitive impairment
in older people with subjective memory complaints: meta-
analysis. Acta Psychiatr Scand 2014;130:439–451.

7. Tandetnik C, Farrell MT, Cary MS et al. Ascertaining
subjective cognitive decline: a comparison of approaches
and evidence for using an age-anchored reference group. J
Alzheimers Dis 2015;48(Suppl. 1):S43–S55.

8. Verlinden VJA, van der Geest JN, de Bruijn R, Hofman A,
Koudstaal PJ, Ikram MA. Trajectories of decline in cogni-
tion and daily functioning in preclinical dementia. Alzhei-
mers Dement 2016;12:144–153.

9. Baumgart M, Snyder HM, Carrillo MC, Fazio S, Kim H,
Johns H. Summary of the evidence on modifiable risk fac-
tors for cognitive decline and dementia: a population-
based perspective. Alzheimers Dement 2015;11:718–726.

10. Lopez OL, Jagust WJ, Dulberg C et al. Risk factors for
mild cognitive impairment in the cardiovascular health
study cognition study: part 2. Arch Neurol 2003;60:1394–
1399.

11. Tervo S, Kivipelto M, Hanninen T et al. Incidence and risk
factors for mild cognitive impairment: a population-based
three-year follow-up study of cognitively healthy elderly
subjects. Dement Geriatr Cogn Disord 2004;17:196–203.

12. Qureshi SU, Long ME, Bradshaw MR et al. Does PTSD
impair cognition beyond the effect of trauma? J Neuropsy-
chiatry Clin Neurosci 2011;23:16–28.

13. Schuitevoerder S, Rosen JW, Twamley EW et al. A meta-
analysis of cognitive functioning in older adults with
PTSD. J Anxiety Disord 2013;27:550–558.

14. Sumner JA, Hagan K, Grodstein F, Roberts AL, Harel B,
Koenen KC. Posttraumatic stress disorder symptoms and
cognitive function in a large cohort of middle-aged
women. Depress Anxiety 2017;34:356–366.

15. Clouston S, Pietrzak RH, Kotov R et al. Traumatic expo-
sures, posttraumatic stress disorder, and cognitive func-
tioning in World Trade Center responders. Alzheimers
Dement 2017;3:593–602.

16. Stricker NH, Lippa SM, Green DL et al. Elevated rates of
memory impairment in military service-members and vet-
erans with posttraumatic stress disorder. J Clin Exp Neu-
ropsychol 2017;39:768–785.

17. Yip J, Webber MP, Zeig-Owens R et al. FDNY and 9/11:
clinical services and health outcomes in World Trade Cen-
ter-exposed firefighters and EMS workers from 2001 to
2016. Am J Ind Med 2016;59:695–708.

18. Berninger A, Webber MP, Cohen HW et al. Trends of ele-
vated PTSD risk in firefighters exposed to the World
Trade Center disaster: 2001–2005. Public Health Rep
2010;125:556–566.

19. Yip J, Zeig-Owens R, Webber MP et al. World Trade Cen-
ter-related physical and mental health burden among New
York City Fire Department emergency medical service
workers. Occup Environ Med 2016;73:13–20.

20. Amariglio RE, Donohue MC, Marshall GA et al. Tracking
early decline in cognitive function in older individuals at

283

Subjective cognitive change in 9/11 responders



risk for Alzheimer disease dementia: the Alzheimer’s Dis-
ease Cooperative Study Cognitive Function Instrument.
JAMA Neurol 2015;72:446–454.

21. Ferris SH, Aisen PS, Cummings J et al. ADCS Prevention
Instrument Project: overview and initial results. Alzheimer
Dis Assoc Disord 2006;20:S109–S123.

22. Walsh SP, Raman R, Jones KB, Aisen PS. ADCS Preven-
tion Instrument Project: the Mail-In Cognitive Function
Screening Instrument (MCFSI). Alzheimer Dis Assoc Dis-
ord 2006;20:S170–S178.

23. Blanchard EB, Jones-Alexander J, Buckley TC, Forneris
CA. Psychometric properties of the PTSD Checklist
(PCL). Behav Res Ther 1996;34:669–673.

24. Soo J, Webber MP, Gustave J et al. Trends in probable
PTSD in firefighters exposed to the World Trade Center
disaster, 2001–2010. Disaster Med Public Health Prep
2011;5(Suppl. 2):S197–S203.

25. Ruggiero KJ, Del Ben K, Scotti JR, Rabalais AE. Psycho-
metric properties of the PTSD Checklist-Civilian Version.
J Traum Stress 2003;16:495–502.

26. Wilkins KC, Lang AJ, Norman SB. Synthesis of the psycho-
metric properties of the PTSD checklist (PCL) military,
civilian, and specific versions. Depress Anxiety
2011;28:596–606.

27. Radloff LS. The CES-D Scale: a self-report depression
scale for research in the general population. Appl Psychol
Meas 1977;1:385–401.

28. Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG.
The alcohol use disorders identification test. Guidelines
for use in primary health care. Geneva: World Health
Organization, 1992.

29. Gray MJ, Litz BT, Hsu JL, Lombardo TW. Psychometric
properties of the life events checklist. Assessment
2004;11:330–341.

30. Li C, Neugroschl J, Luo X et al. The utility of the Cognitive
Function Instrument (CFI) to detect cognitive decline in
non-demented older adults. J Alzheimers Dis 2017;60:427–
437.

31. Chipi E, Montanucci C, Eusebi P et al. The Italian version
of Cognitive Function Instrument (CFI) for tracking

changes in healthy elderly: results at 1-year follow-up.
Neurol Sci 2019;40:2147–2153.

32. Karam EG, Friedman MJ, Hill ED et al. Cumulative trau-
mas and risk thresholds: 12-month PTSD in the World
Mental Health (WMH) surveys. Depress Anxiety
2014;31:130–142.

33. Priebe K, Kleindienst N, Schropp A et al. Defining the index
trauma in post-traumatic stress disorder patients with mul-
tiple trauma exposure: impact on severity scores and treat-
ment effects of using worst single incident versus multiple
traumatic events. Eur J Psychotraumatol 2018;9:1486124.

34. Bhattarai JJ, Oehlert ME, Multon KD, Sumerall SW.
Dementia and cognitive impairment among U.S. Veterans
with a history of MDD or PTSD: a retrospective cohort
study based on sex and race. J Aging Health 2018;
31:1398–1422.

35. Cohen BE, Neylan TC, YaffeK, Samuelson KW, Li Y, Bar-
nes DE. Posttraumatic stress disorder and cognitive func-
tion: findings from the mind your heart study. J Clin
Psychiatry 2013;74:1063–1070.

36. Zatzick DF, Rivara FP, Jurkovich GJ et al. Multisite inves-
tigation of traumatic brain injuries, posttraumatic stress
disorder, and self-reported health and cognitive impair-
ments. Arch Gen Psychiatry 2010;67:1291–1300.

37. Chipi E, Frattini G, Eusebi P et al. The Italian version of
cognitive function instrument (CFI): reliability and valid-
ity in a cohort of healthy elderly. Neurological Sciences
2018;39:111–118.

38. Michelet M, Engedal K, Selbæk G et al. The validity of the
norwegian version of the cognitive function instrument.
Dement Geriatr Cogn Disord 2018;46:217–228.

39. Liew TM. Depression, subjective cognitive decline, and the
risk of neurocognitive disorders. Alzheimer’s Res Therapy
2019;11:70.

40. Richard E, Reitz C, Honig LH et al. Late-life depression,
mild cognitive impairment, and dementia. JAMA Neurol
2013;70:383–389.

41. Lutsey PL, Chen N, Mirabelli MC et al. Impaired lung
function, lung disease, and risk of incident dementia. Am J
Respir Crit Care Med 2019;199:1385–1396.

284

Singh et al.




