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Abstract

INTRODUCTION—Frontotemporal-dementia disorders (FTDs) are heterogeneous phenotypical 

behavioral and language disorders usually associated with frontal and/or temporal lobe 

degeneration. We investigated their incidence in a population-based cohort.

METHODS—Using a records-linkage system, we identified all patients with a diagnostic code for 

dementia in Olmsted County, MN, 1995–2010, and confirmed the diagnosis of FTD. A behavioral 

neurologist verified the clinical diagnosis and determined phenotypes.

RESULTS—We identified 35 FTDs cases. Overall, the incidence of FTDs was 4.3/100,000/year 

(95% CI 2.9, 5.7). Incidence was higher in men (6.3/100,000, 95% CI 3.6, 9.0) than women 

(2.9/100,000; 95% CI 1.3, 4.5); we observed an increased trend over time (B= 0.83, 95% CI 0.54, 

1.11, P<0.001). At autopsy, clinical diagnosis was confirmed in eight (72.7%) cases.

DISCUSSION—We observed an increased incidence and trends of FTDs over time. This may 

reflect a better recognition by clinicians and improvement of clinical criteria and diagnostic tools.
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Introduction

Frontotemporal degeneration disorders (FTDs) are heterogeneous clinical syndromes 

characterized by behavioral changes, executive dysfunctions, and decline in language skills 

and are usually associated with degeneration of the frontal and temporal lobes of the brain 

[1]. The term FTDs is used to refer to a group of clinical subtypes that can be distinguished 

on the basis of the first-occurring and most predominant features: behavioral variant FTD 
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(bvFTD), characterized by marked personality changes, along with disinhibition and apathy; 

semantic variant primary progressive aphasia (svPPA), characterized by fluent anomic 

aphasia and impaired comprehension of word meaning; and non-fluent agrammatic variant 

primary progressive aphasia (agPPA), characterized by non-fluent agrammatic and hesitant 

speech along with language and motor speech impairments [2, 3]. Moreover, FTDs show 

significant overlap with Progressive Supranuclear Palsy (PSP) and Corticobasal Syndrome 

(CBS), both originally described as movement disorders [4–6]. Motor neuron diseases can 

co-occur with any of the several FTD variants, more frequently with bvFTD [7].

FTDs are the third most common form of neurodegenerative dementia after Alzheimer’s 

disease (AD) and Dementia with Lewy Bodies (DLB) in most series [8, 9]. Although FTDs 

are primarily sporadic, genetic forms account for 10–40% of cases [10–12]. FTDs typically 

present during the sixth decade, [13–15] with a median survival of 3–4 years after diagnosis 

[15, 16]. The incidence of FTDs has been reported to be 3.5/100,000 person-years in 

individuals 45 to 64 years of age in Cambridge, UK [17]. Similarly, a previous study from 

Rochester, MN, reported an incidence of 3.3/100,000 person-years in the 50–59-year age 

group [18]. Although FTDs are generally considered to be a cause of early-onset dementia 

[14], they can also present in older adults. Patients over 65 years old account for 20–25% of 

the cases[14, 15], and the incidence may increase with age [19]. The aim of this study was to 

assess the incidence and the trend of FTDs in our population-based cohort study in Olmsted 

County, MN, from 1995 to 2010 and to examine the clinical and pathological characteristics 

of the patients.

Methods

Case Ascertainment

We ascertained all new cases of dementia in Olmsted County, MN, from 1995 through 2010 

using the medical records-linkage system of the Rochester Epidemiology Project (REP). The 

REP provides the infrastructure for storing and linking all medical information for the 

county population [20–22]. We ascertained potential cases of FTD in two phases. First, we 

used a computerized screening and searched for 24 dementia codes including five Hospital 

Adaptation of the International Classification of Diseases (H-ICDA) codes, 14 International 

Classification of Diseases −9th revision (ICD-9) codes, and five ICD-10 (10th revision) 

codes (Appendix Table A.1.). This list of 24 codes was designed to yield maximum 

sensitivity and be as inclusive as possible in the first stage of identification of patients. We 

classified these codes into two groups: priority one and priority two codes (Appendix Table 

A.1). Priority-1codes were designed to yield the highest specificity for FTDs, whereas 

Priority-2 codes were designed to have the highest sensitivity in order to capture all forms of 

dementias not otherwise specified. Among the patients who had at least one Priority-2 

diagnostic code, we used natural language processing (NPL) to confirm the presence of 

diagnoses consistent with FTDs in the medical records by using specific keywords 

(Appendix Table A. 2). In phase two, a behavioral neurologist (R.S.) reviewed all the clinical 

records to confirm the clinical diagnosis of FTDs and determine the specific subtype and 

characteristics according to current diagnostic criteria [2, 3]. In addition, we reviewed all 

those cases that were not primarily diagnosed by a neurologist (nine by a psychiatrist, one 
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by an internal medicine physician) and confirmed the clinical diagnoses. We excluded all 

those cases whose diagnoses were not supported by a neuropsychological assessment or 

neuroimaging confirmation. To capture the incident cases, we extended the search for 5 

years after the incidence study period (January 1, 2010, through December 31, 2015) to 

ensure that persons with a delayed diagnosis could be counted correctly. The behavioral 

neurology specialist defined the approximate date of diagnosis and the type of FTDs 

according to the current clinical criteria [2, 3, 23]. Thus, we divided our bvFTD cases into 

clinically “possible” or “probable” FTD cases (Table 1). Based on the information present in 

their clinical records, 7/12 patients who originally received a generic diagnosis of FTD met 

the criteria for bvFTD (either possible or probable). It was not possible to retrieve enough 

information to further classify the remaining five patients into a specific variant; therefore, 

they were defined as unspecified FTD cases (Table 1). For the purpose of this manuscript, 

PSP and CBS were not included in the analysis because of the different pattern of 

phenotypical characteristics and pathological findings that overlap with some movement 

disorders. Medical records were also reviewed for autopsy information conducted and 

interpreted by a board-certified neuropathologist. The Mayo Clinic and Olmsted Medical 

Center Institutional Review Boards approved this study, and participating patients (or their 

legally authorized representatives) provided informed written consent for use of their 

medical information.

Statistical analysis

All individuals who were diagnosed with and met clinical criteria for FTD disorders 

between 1995 and 2010 were considered as incident cases in the incidence-rate calculation. 

The person-years-at-risk denominator was estimated from the Rochester Epidemiology 

Project Census data. Incidence rates were estimated as the number of new cases divided by 

the person-years at risk. Further, incidence rates were directly standardized by age and sex. 

We used survey-weighted linear-regression models specifying year as an independent 

variable to estimate incidence trends. Kaplan-Meier curves were plotted to model survival 

time. All statistical analyses were performed using Stata version 13 (StataCorp, College 

Station, TX) and RStudio version 3.4.2.

Results

Demographics

We identified 1061 individuals with at least one screening code of interest from 1995 

through 2010.

Among these, 148 patients received a Priority-1 diagnostic code; whereas 913 a Priority-2 

code (Table A.1). We reviewed the clinical records of the 148 patients who received a 

Priority-1diagnostic code: 35 (23.6%) cases met updated clinical criteria and were found to 

have a clinical diagnosis of FTDs. We used NPL to review the records of the 913 patients 

with a Priority-2 diagnostic code, and found 20 patients with a mention of FTDs in their 

clinical records. R.S. reviewed these 20 patients to assess the possibility that they were 

diagnosed with FTDs related disorders. To further increase accuracy, a behavioral 

neurologist examined a random sample of 100 patients from the list of 913 Priority-2 codes 
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and reviewed their clinical records – none of them received a clinical diagnosis of FTDs nor 

had features strongly suspicious for the FTDs. In addition, as per our methods of accuracy, 

we included only those cases that received a neuropsychological assessment and/or a 

neuroimaging evaluation (MRI, CT, PET, SPECT).

Among the 35 patients who received a clinical diagnosis of FTDs, 22 (62.9%) were male. 

Median age at diagnosis was 70 years (range: 48–94). Median follow-up time after diagnosis 

was three years (range: 1 month-12 years). Twenty-six (74.3%) had a clinical diagnosis of 

bvFTD; one semantic PPA; one agrammatic PPA; and 1 PPA not otherwise specified. We 

also observed a case of FTD with motor neuron disease (FTD-MND) who died after three 

months. Although they all received clinical diagnoses of FTD, a specific variant was not 

possible to be defined for five (14.3%) cases based on the information in their clinical 

records, and they were classified as unspecified (Table 1).

Roughly one-third (10/35) of cases reported depression within five years preceding the 

diagnosis of FTDs. One patient underwent microtubule-associated protein tau gene (MAPT) 

screening, which did not identify any pathological mutations, whereas one patient clinically 

diagnosed with bvFTD tested positive for progranulin (GRN) mutation.

Incidence, trending analysis and survival

Figure 1 shows sex-specific incidence rates for FTDs from 1995 to 2010, then in four 

consecutive five-year time periods. The overall incidence of FTDs in Olmsted County, MN, 

was 4.3/100,000 person-years (95% CI 2.9, 5.7); incidence was higher in men (6.3/100,000, 

95% CI 3.6, 9.0) than women (2.9/100,000; 95% CI 1.3, 4.5) (FIGURE 2). There was a 

trend for an increased FTDs incidence between 1995 and 2010 (B= 0.83, 95% CI 0.54, 1.11, 

P<0.001) (Figure 1). To further characterize our results, we focused on our 26 bvFTD cases 

and divided them based on the specialist who provided the clinical diagnosis (either a 

behavioral neurologist or a psychiatrist). In Figure 2, we report the overall incidence of 

bvFTD, the incidence only for the 17/26 bvFTD cases diagnosed by a neurologist (referred 

to as “strict” cases), and the incidence only for those 9 bvFTD diagnosed by a psychiatrist 

(referred to as “lenient” cases). Further we reported the incidence of FTDs based on the 

specific variants (Figure 3). We also compared the incidence of probable FTD and possible 

FTD and we did not find a difference between these two diagnostic categories (X2 = 1.19, p 

= 0.27). In addition to the incidence rates reported above, we have also included a detailed 

breakdown of these incidence rates by age, year and other subgroups in the accompanying 

appendix. Also we wish to emphasize to our readers that, in some cases, slight differences in 

the denominator person years is due to these values having been adjusted by age and sex for 

different subcategories. Median survival among FTD patients was 3 years from diagnosis 

(range: 3 months-15 years); bvFTD was associated with a median survival of 7 years from 

diagnosis (range: 7 months-15 years). As shown in the Kaplan-Meier plot (Figure 4), 

approximately 50% of all FTDs patients died within 3 years from the diagnosis and 95% 

after 10 years.
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Neuroimaging and Post-mortem examinations

In 14 patients (40.0%), at least one MRI was performed (range: from 3 days to 6 years 

before the diagnosis); all of them showed either generalized atrophy or prominent frontal 

and temporal cortical atrophy. Six patients (17.1%) underwent either FDG-PET or SPECT 

scans before the clinical diagnosis (range: 1 month to 19 months) – all of them showed 

cortical hypometabolism or hypoperfusion in the frontal, temporal, and/or parietal lobes 

consistent with a diagnosis of FTD. Most (30/32, 93.4%) FTD patients had either an MRI or 

CT scan performed after the clinical diagnosis was made, and a characteristic pattern of 

atrophy was observed in 26 (86.7%) of them. Twelve cases underwent either FDG-PET or 

SPECT scans after the clinical diagnosis was made with a classic pattern of 

hypometabolism/hypoperfusion observed in 11/12 (91.7%). Eleven patients (31.4%) 

underwent brain autopsy; all were classified according to the CERAD, Braak, and NIA/

Reagan criteria. We calculated the incidence rate for pathologically confirmed cases (11 

cases: incidence 1.3837; C.I 0.5625 − 2.2049) and for non-pathologically confirmed cases 

(24 cases: incidence 2.9537; C.I 1.7693 − 4.1381). A Chi-Square based test comparing the 

difference between these two rates (pathology-confirmed vs not pathology- confirmed) 

showed marginal significance (X2 = 4.5; p= 0.03), showing marginal significant difference.

Eight (72.7%) showed pathological findings consistent with the clinical diagnosis including 

one patient with a pathological diagnosis of CBD, one with a diagnosis of argyrophilic grain 

disease and one with a pathological diagnosis of primary age-related tauopathy. Transactive-

response DNA- binding protein 43 kDa (TDP-43) inclusions were present in four of these 

eight patients. Two patients had mixed pathological findings consistent with AD and LBD, 

including one who also showed TDP-43 positive inclusions, and two had a pathological 

diagnosis of AD (Table 2).

Discussion

We observed an overall incidence of FTDs of 4.3/100,000 person-years, which is consistent 

with an earlier study from Rochester, MN, reporting an overall incidence of 4.1/100,000 

person-years in a population aged 40–69 years [18]. Our incidence rate is higher than a 

recent UK Study (incidence of 3.5/100,000 person-years) [17]; however, the difference can 

be attributable to a slightly higher median age at diagnosis. We suspect that FTDs might be 

underreported, and their impact on the general population might be higher than previously 

thought. FTDs are usually considered a cause of early-onset dementia, although studies have 

proven that the incidence of FTDs increases with age [24]. Experienced clinicians and 

updated diagnostic tools are required to accurately diagnose these disorders; FTDs, in fact, 

often overlap with other neurodegenerative disorders such as AD [25] or movement 

disorders [4–6]; the presence of a frontal variant of AD makes it even more challenging to 

appropriately diagnose FTDs [26], especially in light of the aging of the population. This 

may impact not only the results of epidemiological studies, which may underreport the 

incidence and prevalence of FTDs but, most importantly, the management and the outcomes 

of the patients. Over the last 10 years of our period of interest, specifically after 2002, we 

observed a sharp increase in the incidence of FTDs for both men and women. We 

hypothesize this trend is mainly driven by an increased awareness of the syndrome by 
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clinicians and by better definition of clinical criteria [27]. When we focused on the specific 

FTD variants, we observed an increased incidence for bvFTD over time, whereas the 

incidence of PPA remained relatively stable. In addition, more advanced neuroimaging tools 

might also explain our results, rather than a true increase in the incidence of these disorders 

in the population. Nonetheless, we estimated an increased incidence of FTDs of 

0.83/100,000 cases per year.

Overall, our observed FTDs survival time of three years from diagnosis was consistent with 

other studies showing a median survival of 3–4 years after diagnosis [15, 16]. Patients with 

FTD-MND have the shortest survival among FTDs [15, 28]. Although our cohort had only 

one patient diagnosed with FTD-MND, the survival after diagnosis was only three months, 

further supporting the malignancy of this variant disease. Notably, we calculated the survival 

time starting from the diagnosis date rather than from the date of symptom onset; indeed, 

this might be more reliable because FTDs symptoms, especially behavioral changes, can be 

extremely vague during the first stages of the disease and can be misdiagnosed and confused 

with other psychiatric conditions [29]. Nonetheless, almost 30% of our patients showed 

depressive symptoms within 5 years before the clinical diagnosis of FTDs.

Up to 40% of FTD cases are associated with an autosomal-dominant pattern of inheritance. 

In our cohort, only two patients underwent genetic testing for FTD; one tested negative for a 

mutation of the MAPT gene, whereas the second one tested positive for a mutation of the 

GRN gene. Although a mutation of the C9orf72 gene is considered as the single most 

common mutation in familial FTD cases, the link between C9orf72 gene mutations and FTD 

was not reported until 2011 [30], one year beyond our timeperiod; thus we could not 

examine the association.

Neuroimaging studies have been used extensively, both to support physician hypotheses and 

strengthen their clinical diagnoses. Atrophy and hypometabolism/hypoperfusion 

predominantly of the frontal and temporal cortex are the clinical hallmark of FTDs [2], with 

characteristic patterns of atrophy identified in the different variants [31]. Our study showed 

that brain atrophy on MRI and/or a pathologic hypometabolism/hypoperfusion on PET/

SPECT scans is observed up to six years before the clinical diagnosis, further supporting the 

importance of imaging studies, even in the early phases of the disease. However, these 

results should be interpreted with caution because some FTDs cases, especially bvFTD 

patients, may not show any atrophy on MRI or FDG-PET changes despite presenting the 

classic clinical features (referred to as “bvFTD phenocopy syndromes”) [32–34]. 

Furthermore, the presence of frontal atrophy can be sometimes also seen in unaffected 

controls [35]. Unfortunately, we did not have neuroimaging studies available in the entire 

cohort, and furthermore, based upon the decision of the clinicians, the imaging studies were 

not repeated systematically and consistently. Thus, our neuroimaging results should be 

interpreted with caution.

Neuropathological characterization of FTDs is challenging because a variety of possible 

underlying pathology findings can be observed at autopsy [36]. Eight of the eleven autopsied 

cases in our cohort showed pathological findings consistent with the clinical diagnosis, and 

TDP-43 was present in four of these eight patients. All three discordant cases showed 
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pathological findings consistent with frontal variant AD [26, 37]. Mixed AD pathology and 

Lewy bodies were observed in two of these cases, with clear parkinsonian symptoms present 

in only one of the two (Table 3). Consistent with our study, up to 30% of patients clinically 

diagnosed with FTD show AD pathology [1, 38]. The overlap between FTDs and AD is not 

surprising because AD pathology may also be observed in non-demented elderly patients 

[39].

Our study has several strengths. First, we utilized the medical records-linkage system of the 

REP that provides the infrastructure for storing and linking all medical information of the 

population of Olmsted County. Second, all the medical records were reviewed by a 

behavioral neurologist (R.S.) to confirm the final diagnosis and the presence of FTDs. Third, 

the standardized codes used to screen the Olmsted County population allowed us to detect 

all the incident cases of FTDs in the County during the time period of interest.

This study has also limitations. First, the information in the medical records was recorded as 

part of the routine clinical practice and was not standardized for research. Second, some 

FTDs cases might have been missed due to their rarity and difficulty to diagnose; therefore, 

our incidence rates might be an underestimation of the true FTDs occurrence. However, our 

data collection spanned 15 years; in addition, we collected data for five more years (2010–

2015), in order to identify additional cases diagnosed in the study period. Third, since FTDs 

share symptoms with other psychiatric and neurodegenerative disorders, some cases might 

have been misdiagnosed. Fourth, we did not calculate age-specific incidence rates due to the 

relatively small sample size of our cohort. Fifth, it was not possible to further define the 

FTD variant in five patients who received a clinical diagnosis of FTD despite the records 

that confirmed their diagnoses. Moreover, to further strengthen our results, we analyzed their 

incidence separately to exclude the possibility that the results were driven by this group of 

undefined FTDs. Fifth, we had limited information on the pathology confirmation. Only 11 

cases underwent autopsy; thus, we could not estimate specificity and sensitivity of our 

clinicpathology concordance. However, we adopted the most updated criteria to define 

possible and probable bvFTD. In addition, the relatively small number of pathology-

confirmed case prevent us from exploring the frequency of the different proteinopathies 

involved in FTDs.

In conclusion, FTDs are still a leading cause of dementia. The increased incidence rate we 

reported might be secondary to major diagnostic advances and awareness in the last decades 

in the field. The presence of clinical findings shared with other neurodegenerative diseases, 

along with the broad range of underlying pathological features present in FTDs, emphasizes 

the importance of the future development of reliable biomarkers that can predict the 

diagnosis, improve the management, and better the quality of life of patients.

Supplementary Material

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

SYSTEMATIC REVIEW

We conducted a comprehensive literature search among PubMed, Ovid Medline and 

Google Scholar from database inception. We also searched for systematic reviews to find 

additional articles on this topic.

INTERPRETATION

Although FTDs are the third most common form of neurodegenerative dementia, few 

epidemiological studies focused on this topic. The current knowledge on the 

epidemiology and on the impact of these disorders on the population is limited. The 

unique infrastructure of the Rochester Epidemiology Project and the geographic 

characteristics of Olmsted County, MN allow us to conduct epidemiological studies that 

have a major impact on the medical practice.

FUTURE DIRECTIONS

The increased incidence rate we reported along with the burden that a diagnosis of FTDs 

brings with, emphasize the importance of research studies focused on the early stages of 

disease, aiming to find possible risk factors and reliable biomarkers to better patients’ 

quality of life.
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Figure 1. 
Sex-specific Incidence rates of FTDs in Olmsted County, MN, from 1995 to 2010.
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Figure 2. 
Overall sex specific incidence rates of FTDs in Olmsted County, MN, from 1995–2010.
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Figure 3. 
FTDs trending analysis from 1995 to 2010.
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Figure 4. 
Incidence rates for bvFTD in Olmsted County, MN, from 1995–2010 based on the specialist 

who provided the clinical diagnosis.
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Table 3.

Clinicopathological characteristics of the FTDs patients in our cohort.

Clinical Dx Pathological Dx TDP-43 Braak stage (I-VI) CERAD score NIA-Reagan criteria

bvFTD FTLD-TDP43+AD+LBD + V C High likelihood

FTD NOS AD+ LBD(limbic) - II N/A Low likelihood

bvFTD PART - N/A N/A N/A

bvFTD Argyrophilic grain disease - II C Low Likelihood

bvFTD CBD - N/A N/A N/A

bvFTD AD N/A VI C High Likelihood

bvFTD FTLD-TDP43 + N/A Possible N/A

bvFTD FTLD-TDP43 + None A Not likely

bvFTD AD - V N/A N/A

svPPA FTLD-U + I-II Normal Low likelihood

bvFTD FTLD-U - N/A N/A N/A

bvFTD, behavioral variant frontotemporal dementia; FTD, frontotemporal dementia; NOS, not-otherwise specified; svPPA, semantic variant 
primary progressive aphasia; AD, Alzheimer’s disease; LBD, Lewy Body dementia; PART, Primary Age-Related Tauoptahy; CBD, corticobasal 
degeneration; FTLD, frontotemporal lobar degeneration;TDP-43, transactive response DNA binding protein 43 kDa; U, ubiquitin; Dx, diagnosis; 
CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; NIA, National Institute of Aging; N/A; not available.
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