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운동은 임상전 AD에서 나이와 관련된 바이오마커를  
감소시킨다

Physical activity attenuates age-related biomarker alterations in 
preclinical AD

목적: 중년 후기의 성인 코호트에서 알츠하이머병(Alzheimer disease, AD)과 관련된 인지기능의 변화에서 운동의 영향을 평가

하고자 하였다.

방법: Wisconsin Registry for Alzheimer’s Prevention에 등록되었고 T1 MRI 검사를 시행한 317명을 대상으로 분석하였는데, 일

부에서는 11C-Pittsburgh compound B-PET (n=186)과 18F-fluorodeoxyglucose-PET (n=152)을 시행하였다. 참가자들의 신체 

활동력은 미국심장학회의 가이드라인을 기준으로 “활동적” 또는 “비활동적”으로 분류하였다. 아울러 참가자들에 대해 전반적

인 신경심리검사를 시행하였다. 공변량-보정 회귀분석을 신체 활동에 대해 보정한 영상과 인지 바이오마커에 연령이 미치는 

영향을 평가하였다.

결과: β-아밀로이드 부하(P=0.014), 당대사(P=0.015), 해마용적(p=0.025)에 대해 나이X신체활동에는 유의한 상호작용이 있었

고 나이가 들수록, 활동적인 경우는 비활동적인 경우에 비해 바이오마커의 변화가 낮았다. 연령X신체 활동의 상호작용은 단기

기억(P=0.042), 시공간능력(P=0.016)에서도 관찰되었다. 신체적으로 활동적인 그룹은 속도와 유연성이 높았다(P=0.002).

결론: 신체적인 활동은 AD의 주된 바이오마커인 노화에 의한 영향을 감소시킨다. 본 단면적 관찰연구는 인과관계까지 설명해 

주지는 못하며, 무작위대조/종적연구를 통해 중년의 체계적인 신체 활동이 AD를 예방할 수 있는지를 확인하는 것이 필요하다.
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failed to detect such effects. Our study extends these
earlier investigations in several important ways. First,
we studied a unique, well-characterized cohort of late-
middle-aged adults, the majority of whom harbor key
risk factors for AD (73.8% with FH of AD and
40.1% APOE e4 positive). Second, compared with
these prior studies, which mostly focused on Ab, our
study examined an array of the major biomarkers of
AD pathophysiology.19 Third, our sample size is con-
siderably larger than most prior studies, conferring
added validity to our findings. Finally, this study
shows novel associations indicative of an ameliorative
role for physical activity vis-à-vis age-related patho-
physiologic alterations in the AD cascade. These as-
sociations provide confirmatory support for earlier
preliminary reports suggesting that physical activity
retards aging-induced brain atrophy in older
adults.13,14

Not surprisingly, our examination of the com-
parative influence of age, FH, and APOE e4 on
the AD biomarkers revealed that age explained a
greater proportion of the interindividual variation
in these biomarkers. Although, to our knowledge,
no prior study has directly investigated the relative
degree to which these 3 cardinal risk factors for AD

influence in vivo biomarker abnormalities, prior
epidemiologic and autopsy studies have high-
lighted the singular role that age plays in AD
incidence and neuropathology. For example, an
early population-based study revealed that the
age-specific incidence of AD is nearly 14 times
higher in the 85 years and older age group com-
pared with the 65 to 69 group,17 a finding that has
since been replicated in several studies.18 Similarly,
autopsy studies have demonstrated that there is a
strong age gradient to the frequency and severity of
Ab deposits and neurofibrillary tangles,15 and that
the effect of APOE e4 on these histologic markers is
likely confounded with age.38 A full elucidation of
the mechanism of action underlying this robust
relationship between age and the clinicopathologic
features of AD lies beyond the scope of this study.
In one theoretical framework,39 AD is seen as
resulting from the intricate interactions among
multiple age-related molecular changes, some pro-
grammed and others stochastic, that ultimately
engender increased entropy. This elevated entropy
is considered the final common pathway to the
progressive neural and cognitive decline that char-
acterizes AD.16,39 Such theoretical models might

Figure Exercise engagement favorably alters age-associated biomarker alterations

Blue bars5 younger participants (i.e., ,60 years); red bars 5 older participants (i.e., $60 years). (A) Percentage of participants whose PiB scans were rated
as being unambiguously positive for Ab in an AD-like pattern. (B–E) adjusted means and standard error for (B) FDG posterior cingulate glucose metabolism,
(C) hippocampal volume, (D) Immediate Memory, and (E) Visuospatial Ability. Sample sizes for the analyses were 317 for hippocampal volume and cognition,
186 for PiB, and 152 for FDG. Cell counts are as follows: for hippocampal volume and cognition, inactive and younger n 5 45, inactive and older n 5 34,
active and younger n 5 95, and active and older n 5 143; for PiB, inactive and younger n 5 29, inactive and older n 5 23, active and younger n 5 47, and
active and older n5 87; and for FDG, inactive and younger n5 23, inactive and older n5 18, active and younger n 5 43, and active and older n 5 68. Ab 5

b-amyloid; AD 5 Alzheimer disease; FDG 5 18F-fluorodeoxyglucose; PiB 5 11C-Pittsburgh compound B.
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