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Abstract

Background. Results of prospective studies examining the association between cystatin C and incident 
cognitive impairment have been inconsistent. We tested the hypothesis that there is a U-shaped 
association in older women between cystatin C and risk of incident cognitive impairment 10 years later.
Methods. We conducted a longitudinal analysis of a prospective cohort of 1,332 community-
dwelling elderly women without dementia at baseline who had baseline cystatin C and serum 
creatinine measurements and completed an extended cognitive battery of neuropsychological 
tests with determination of cognitive status 10  years later. Incident cognitive impairment was 
defined as either new onset of adjudicated diagnosis of mild cognitive impairment or dementia.
Results. Incident mild cognitive impairment or dementia was identified among 140 (26.0%) women 
in quartile 1 (Q1), 122 (22.6%) in Q2, 121 (22.5%) in Q3, and 156 (28.9%) in Q4 of cystatin C. In the 
fully adjusted model, compared to women in Q2–Q3 of cystatin C, adjusted odds ratios (95% CI) for 
incident cognitive impairment were 1.31 (0.98–1.75) for Q1, and 1.25 (0.94–1.66) for Q4 Compared to 
women in Q2–Q3 of estimated glomerular filtration rate (eGFRCysC), adjusted odds ratios (95% CI) 
for incident cognitive impairment after 10 years of follow-up were 1.18 (0.88–1.58) for Q4 (eGFRCysC 
76.1–109.4 mL/min/1.73 m2) and 1.26 (0.94–1.67) for Q1 (eGFRCysC 21.8–55.5 mL/min/1.73 m2).
Conclusions. These results support a U-shaped association between cystatin C concentration and 
risk of cognitive impairment or dementia 10 years later, but the association is not independent of 
potential confounding factors.
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Adults aged 80 years and older comprise the fastest growing subset of 
the U.S. population (1). Cognitive impairment is one of the costliest 
disabilities, making successful aging without cognitive impairment a 
paramount goal for society (2). Kidney disease is also highly preva-
lent in the elderly (3), and reduced renal function in older adults has 
been associated with increased risk of adverse health outcomes (4–6).

Several, but not all, studies have reported the association 
between poorer kidney function, as defined by creatinine-based esti-
mates, and cognitive impairment in older adults (7–13). However, 
creatinine-based indices or renal function are often misleading in 
the elderly because muscle mass declines and creatinine metabolism 
changes with aging; these changes have a proportionally greater 
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effect in women (13–15). Cystatin C, an inhibitor of cysteine pro-
teinase present in all nucleated cells and less dependent on muscle 
mass than creatinine, may be a more accurate measurement of renal 
function (16,17). Although higher cystatin C indicative of poorer 
kidney function might have an adverse effect on cognition, there is 
also growing experimental evidence that cystatin C may have a neu-
roprotective role (18–21).

Epidemiologic studies have examined the association between 
cystatin C and cognition reported inconsistent results. Two studies in 
longitudinal cohorts of elderly men and women in the United States 
reported that higher cystatin C levels were independently associated 
with poor cognitive function and a greater risk of cognitive decline 
(22) and an increased risk of unsuccessful aging as defined by a car-
diovascular disease event, cancer, Chronic Obstructive Pulmonary 
Disease, incident cognitive impairment, or difficulty performing 
activities of daily living (23). In contrast, lower levels of cystatin C 
were independently associated with higher risk of Alzheimer’s disease 
in the Uppsala Longitudinal Study of Adult Men (24). To examine 
the association between kidney function as assessed by serum cystatin 
C levels or estimated glomerular filtration rate (eGFR) and risk of 
subsequent cognitive impairment or dementia 10 years later in older 
women without dementia at the initial assessment, we measured cys-
tatin C using frozen serum specimens from the SOF Year 10 exam in 
1,332 surviving women who completed extended cognitive battery of 
neuropsychological tests and had their cognitive status determined at 
the SOF Year 20 exam (average 9.8 years between exams).

Methods

Participants
From September 1986 to October 1988, 9,704 women who were 
65  years or older and able to walk unassisted were recruited for 
participation in the baseline examination of the prospective Study 
of Osteoporotic Fractures. Women were recruited from population-
based listings in four areas of the United States: Baltimore, Maryland, 
Minneapolis, Minnesota, Portland, Oregon, and Monongahela 
Valley, Pennsylvania. Women who had undergone bilateral hip 
replacement and those who were not able to walk without assistance 
were excluded. An additional 662 older African-American women 
(mean [SD] age, 75.4 [5.1] years) were enrolled in the study at the 
Year 10 exam using the same eligibility criteria increasing the total 
number of enrolled participants to 10,366. All participants provided 
informed consent and the protocol was approved by the Institutional 
Review Board.

To determine whether higher cystatin C in older women is asso-
ciated with a greater odds of subsequent cognitive impairment, we 
measured cystatin C using frozen serum specimens from the SOF 
Year 10 exam in 1,346 surviving women (mean age 77.7 years) who 
completed extended cognitive battery of neuropsychological tests 
and subsequently had their cognitive status determined at the SOF 
Year 20 Exam (average 9.8 years between exams). After women with 
cognitive impairment or dementia (Mini-Mental State Examination 
[MMSE] <20, self-reported dementia or Alzheimer’s disease, or on 
medications for Alzheimer’s dementia) at Year 10 exam (baseline 
exam for this analysis) were excluded, the cohort for this analysis 
was comprised of 1,332 women.

Assessment of Renal Function
Fasting morning blood was collected at the baseline examination and 
processed for serum which was stored at −70°C until thawed. Serum 

cystatin C assays were performed at the University of Minnesota 
Medical Center in 2010. Serum cystatin C concentrations were deter-
mined using a BN100 nephelometer (Dade Behring Inc., Deerfield, 
IL) using a particle-enhanced immunonepholometric assay (25) 
(assay range 0.23–8.00 mg/L with inter-assay coefficient of variation 
[CV] of 4.0% at a level of 0.71 mg/L and 3.1% at a level of 1.75 mg/L 
[mean inter-assay CV 3.7%]) and then converted to standardized 
values traceable to a certified reference material (26). Serum creati-
nine was measured using the Roche 911 analyzer (Roche Diagnostic 
Corporation, Indianapolis, IN) using the Jaffe rate-blanked method 
calibrated with materials assayed by isotope-dilution mass spectrom-
etry. Coefficient of variation was 4.0%. Cystatin-C based (eGFRcysC) 
and creatinine and cystatin C-based eGFR (eGFRCr+CysC) were com-
puted using a Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation re-expressed for standardized cystatin C (27); 
eGFRCr was computed using a CKD-EPI equation (28). We used 
eGFRCysC as the primary measure of eGFR. In sensitivity analyses, we 
substituted eGFRCr+CysC (and eGFRCr) for eGFRCr+CysC (23).

Cognitive Testing
We used methods developed by Yaffe and colleagues (29) to define 
cognitive impairment. The MMSE (30), a test of global cognition, 
and a modified version of Trails B (31), a test of executive function, 
were administered at clinic visits including our study baseline (Year 
10). At the Year 20 visit, an expanded neuropsychological test battery 
was administered to surviving women, which included Trails B, the 
Modified Mini-Mental State Examination (3MS), a 100-point extended 
version of the MMSE (32), the California Verbal Learning Test (CVLT) 
Short Form (33), Digit Span (from the Wechsler Adult Intelligence Scale-
Revised) (34), and category and verbal fluency tests (35).

Cognitive impairment at the Year 20 exam was determined in 
a two-step process (29). First, women were screened for one or 
more of the following criteria: (i) score <88 on the 3MS; (ii) score 
<4 on the CVLT delayed recall; (iii) score ≥3.6 on the Informant 
Questionnaire on Cognitive Decline in the Elderly (36); (iv) previous 
dementia diagnosis; or (v) nursing home residence. The women who 
screened positive had their clinical cognitive status adjudicated and 
reviewed by a panel of clinical experts. The women who screened 
negative were considered normal. A diagnosis of dementia was made 
based on Diagnostic and Statistical Manual of Mental Disorders, 4th 
Edition criteria (37). Mild cognitive impairment (MCI) was diag-
nosed using a modified Petersen Criteria (38,39). Incident impair-
ment was defined as either new onset of MCI or dementia.

Other Measures
At baseline (Year 10), information on education, age, health behav-
iors such as alcohol use, smoking, physical activity, and medical his-
tory, including self-reported history of physician diagnosis of stroke, 
diabetes mellitus, congestive heart failure, hypertension, cardiovas-
cular disease, lung disease, kidney disease, and Alzheimer’s disease 
were collected. The 15-item Geriatric Depression Scale was adminis-
tered (40). Functional status was determined by the modified version 
of the Stanford Health Assessment Questionnaire (41). Body mass 
index (BMI) was calculated as weight in kilograms divided by the 
square of height in meters.

Statistical Analysis
Differences in baseline (Year 10 examination) characteristics accord-
ing to quartiles of cystatin C were compared using chi-square tests 
for categorical variables, ANOVA for continuous variables with 
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normal distributions, and Kruskal–Wallis tests for variables with 
skewed distributions.

We used logistic regression models to examine the association 
of baseline cystatin C with the odds of incident cognitive impair-
ment. In primary analyses, we expressed the primary predictor using 
quartiles. Based on findings from earlier studies (24) suggesting the 
possibility of a nonlinear pattern between cystatin C and cognitive 
impairment, the referent group in these analyses was quartiles 2–3. 
We also performed a sensitivity analyses expressing cystatin C as 
a continuous variable and including a (cystatin C)2 quadratic term.

Similarly, estimated GFRCysC was expressed as quartiles with 
quartiles 2–3 serving as the referent group. We performed similar 
analyses for eGFRCr and eGFRCr+CysC.

Base models were adjusted for age and race. Multivariable mod-
els were further adjusted for variables that were associated with 
cystatin C quartiles at p <.05, and variables that were known or sus-
pected confounders of the association between cystatin C and cogni-
tion (smoking, history of diabetes, history of cardiovascular disease, 
history of stroke). Analyses were performed using SAS version 9.2 
(SAS Inc., Cary, NC).

Results

Of the 7,670 women who came to the Year 10 examination at the 
Minnesota, Oregon, and Pennsylvania sites, 2,353 completed at 
least the questionnaire component of the Year 20 examination. Of 
these women, 1,431 had detailed cognitive examination data at Year 
20 examination, of whom 1,346 had serum available at the Year 
10 examination for measurement of cystatin C.  After 14 women 
were excluded because of prevalent cognitive impairment at Year 

10, defined as MMSE score <20, self-reported dementia, or taking 
medications indicated for Alzheimer’s dementia, 1,332 women were 
included in the prospective analytical cohort (Figure 1).

At baseline (Year 10), the women were elderly with a mean age 
(SD) of 77.7 (3.4) years, with 12.9 (2.6) years of education on aver-
age, 11.7% were African American. Other characteristics of the 
cohort are displayed in Table 1. On average the baseline creatinine 
was 0.77 (0.18) mg/dL, standardized cystatin C was 1.06 (0.21) 
mg/L.

Women in higher cystatin C quartiles were older, less likely to 
be African American, had fewer years of education, higher Geriatric 
Depression Score, were more likely to report fair or poor health, 
more likely to have IADL impairments, more likely to have his-
tory of hypertension, and had higher BMI. As expected, women in 
higher cystatin C quartiles had higher serum creatinine and lower 
eGFRCr+CysC (Table 1).

Association of Cystatin C With Incident Cognitive 
Impairment
After 10  years of follow-up, in cystatin C quartile 1 (Q1), 140 
(26.0%); Q2, 122 (22.6%); Q3, 121 (22.5%); and Q4, 156 (28.9%) 
of women developed incident cognitive impairment or dementia 
(Figure 2A–D). In the unadjusted model and model adjusted for age 
and race, there appeared to be a U-shaped association between cys-
tatin C and incident impairment/dementia with a higher risk among 
women with higher and those with lower cystatin C concentrations. 
Only the association between higher cystatin C (Q4) and risk of 
impairment/dementia reached the level of significance compared with 
referent group (Q2–Q3) in the unadjusted analysis: odds ratios (OR) 

7670 attended Year 10 

2353 had Year 20 data 

2134 had basic cognitive data 
(using short 26-point MMSE criterion) 

1431 had detailed cognitive data 

1346 had cystatin C measured 

5317 did not attend Year 20* 

1346 not in a nursing home 

1332 without Dementia at year 10 

219 missing short MMSE 

703 missing detailed cognitive data 

85 missing cystatin C 

0 in a nursing home 

14 have Dementia at Year 10 

Figure 1. Cohort flow. *1,889 of these were from the Baltimore site, who did not participate in Visit 9.
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(95% CI) were 1.22 (0.93–1.60) in Q1 and 1.40 (1.08–1.83) in Q4 
(Table 2). This association became not statistically significant in the 
fully adjusted model: adjusted OR (95% CI) for incident cognitive 
impairment were 1.31 (0.98–1.75), p = .067 for Q1, and 1.25 (0.94–
1.66) for Q4 of cystatin C (Table 2).

Results of sensitivity analyses in which cystatin C was 
expressed as a continuous variable and quadratic term was 
included suggested the possibility of a nonlinear association, but p 
values for cystatin C (p = .06) and (cystatin C)2 (p = .08) did not 
reach significance.

Association of eGFR With Incident Cognitive 
Impairment
After 10 years of follow-up, in eGFRCysC Q1, 154 (28.6%); Q2, 
121 (22.5%); Q3, 131 (24.3%); and Q4, 133 (24.7%) of women 
developed incident cognitive impairment or dementia (Figure 2B). 
In the unadjusted model and model adjusted for age and race, 
there appeared to be a U-shaped association between eGFRCysC 
and incident impairment/dementia with a higher risk among 
women with lower eGFRCysC and those with higher eGFRCysC com-
pared with women in Q2–Q3 of eGFRCysC, although only latter 
association reached statistical significance. After adjustment for 
other covariates these associations lost statistical significance: 
compared with referent group (Q2–Q3), adjusted OR (95% CI) 
1.26 (0.94–1.67) in Q1 and 1.18 (0.88–1.58) in Q4 (Table  3). 
In general, findings were similar in analyses where eGFRCr+CysC 
or eGFRCr was substituted for eGFRcysC, although the association 
between higher (Q4) eGFRCr+CysC and greater risk of cognitive 
impairment remained significant after multivariate adjustment: 
compared with referent group (Q2–Q3), adjusted OR (95% CI) 

1.29 (0.97–1.71) in Q1 and 1.35 (1.01–1.82) in Q4 (Figure 2C 
and D, Table 3).

Discussion

In this prospective cohort of community dwelling elderly women, 
our results support a U-shaped association between cystatin C con-
centration and eGFRCr+CysC and risk of cognitive impairment or 
dementia 10 years later, but this association is explained, in part, by 
confounding factors.

A cross-sectional study in participants of Chronic Renal 
Insufficiency Cohort Cognitive Study revealed an association 
between higher cystatin C and poor performance on cognitive test-
ing in adults with chronic kidney disease (42). In addition, several 
prospective studies reported the association between higher levels 
of cystatin C and greater risk of cognitive impairment. The Health 
ABC study reported an independent association between high level 
of cystatin C (>1.25 mg/L) and worse cognitive performance at 
baseline and greater cognitive decline as measured by the 3MS and 
Digit Symbol Substitution Test in a cohort of 3,030 elderly indi-
viduals (22). The Cardiovascular Health Study evaluated the rela-
tionship between cystain C and aging success (defined as aging free 
of cardiovascular disease, cancer, chronic obstructive lung disease, 
and having intact physical and cognitive function) during a 6-year 
follow-up in 2,140 elderly participants without these conditions 
at baseline (23). They reported reduction in successful life years 
in the highest quartile of cystatin C compared with the lowest. 
In addition, higher quartiles of cystatin C (Q3 [1.02–1.15 mg/L] 
and Q4 [≥1.16 mg/L]) were independently associated with incident 
cognitive or physical disability (hazard ratio [HR] 1.56 [95% CI: 

Figure 2. (A–D) Frequency of incident cognitive impairment by quartiles of cystatin C and eGFR as calculated by cystatin C and creatinine-based equations. 
Quartile cut points: (cystatin C) 0.918, 1.019, 1.154 mg/L; (eGFRCysC) 55.597, 65.740, 76.098 mL/min/1.73 m2; (eGFRCr+CysC) 61.863, 71.867, 81.166 mL/min/1.73 m2; 
(eGFRCr) 66.385, 78.946, 86.082 mL/min/1.73 m2.
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1.09–2.23] for Q3 and HR 1.39 [1.00–1.98] for Q4) compared 
with the lowest quartile (23). In this study, we also found greater 
risk of cognitive impairment or dementia in women in the highest 
quartile of cystatin C, but the association was modest in magni-
tude and explained at least in part by confounding factors. Our 
study may have had insufficient power to determine the associa-
tion because of low prevalence of high cystatin C (eg, cystatin C 
>1.25 mg/L). To be in the cohort, the women had to survive and 
undergo cognitive testing 10  years after measurement of kidney 
function. Because chronic kidney disease is a risk factor for death, 
this selected group of women who survived into very old age had 
better kidney function at baseline.

Our findings also suggest a trend for a higher risk of cognitive 
impairment or dementia among older women with lower cystatin C 
levels. Experiments in animal models have demonstrated that cysta-
tin C plays neuro-protective role via pathways that are dependent on 
inhibition of cysteine proteases, induction of autophagy, and induc-
tion of proliferation in acute and chronic neurodegenerative condi-
tions (18,19). Epidemiologic evidence supports these experimental 
findings. Serum cystatin C levels were measured at two visits 7 years 
apart in the Uppsala Longitudinal Study of Adult Men, a commu-
nity-based study of elderly men who were followed for 11.3 years 

for development of Alzheimer’s disease (24). Lower levels of cystatin 
C were associated with higher risk of Alzheimer’s disease indepen-
dently of other covariates (HR for lowest [<1.12 µmol/L] vs highest 
[>1.30  µmol/L] tertile  =  2.67, 95% CI: 1.22–5.83, p < .02) (24). 
In another study, cystatin C level below the median (<1,067 ng/mL)  
in patients with MCI was associated with greater incidence of 
Alzheimer’s dementia at 2.5 years follow-up (43).

Both lower eGFRCr+CysC and higher eGFRCr+CysC appeared to be 
associated with greater odds of incident cognitive impairment in our 
cohort, although only higher eGFRCr+CysC was independently associ-
ated with higher incidence of cognitive impairment after multivaria-
ble adjustment. This finding may reflect the neuroprotective effect of 
higher concentrations of cystatin C (eg, lower eGFRCysC) and slightly 
higher creatinine concentrations (eg, lower eGFRCr) as a surrogate 
for higher muscle mass. Prior studies that did not include cystatin C 
in the eGFR estimation have reported an association between lower 
eGFRCr and greater risk of cognitive decline (8,11), but in this study 
there is a trend for an association between higher eGFRCr as well 
as lower eGFRCr with higher risk of cognitive decline. It is possible 
that in our healthy “survivor” cohort of elderly individuals, mildly 
decreased kidney function is not a strong risk factor for poor cogni-
tive outcomes.

Table 2. Association Between Cystatin C and Odds of Cognitive Impairment

Odds Ratio of Cognitive Impairment (95% CI)

Unadjusted Model p Value Base Model* p Value MV Model† p Value

Cystatin C quartiles, mg/L
 Q1 (0.61–0.91) 1.22 (0.93–1.60) .147 1.24 (0.94–1.64) .125 1.31 (0.98–1.75) .067
 Q2–Q3 (0.92–1.14) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
 Q4 (1.15–2.37) 1.40 (1.08–1.83) .012 1.38 (1.05–1.81) .020 1.25 (0.94–1.66) .121

Notes: *Adjusted for age and race.
†Adjusted for multiple covariates, including age, race, education, self-reported health status, Geriatric Depression scale, Instrumental Activities of Daily Living, 

smoking, alcohol intake, body mass index, history of coronary vascular disease, history of diabetes, history of hypertension, and history of stroke.

Table 3. Association Between eGFR and Odds of Cognitive Impairment

Odds Ratio of Cognitive Impairment (95% CI)

Unadjusted Model p Value Base Model* p Value MV Model† p Value

eGFRCysC
‡ quartiles, mL/min/1.73 m2

 Q4 (76.1–109.4) 1.08 (0.82–1.41) .580 1.13 (0.85–1.49) .403 1.18 (0.88–1.58) .276
 Q2–Q3 (55.6–76.0) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
 Q1 (21.8–55.5) 1.42 (1.09, 1.85) .010 1.37 (1.05–1.80) .022 1.26 (0.94–1.67) .117
eGFRCr+CysC

§ quartiles, mL/min/1.73 m2

 Q4 (81.2–116.4) 1.24 (0.95–1.62) .121 1.25 (0.94–1.66) .124 1.35 (1.01–1.82) .046
 Q2–Q3 (61.9–81.1) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
 Q1 (23.5–61.8) 1.45 (1.11–1.90) .007 1.36 (1.03–1.79) .029 1.29 (0.97–1.71) .080
eGFRCr

|| quartiles, mL/min/1.73 m2

 Q4 (86.1–115.1) 1.15 (0.88–1.50) .317 1.27 (0.95–1.69) .106 1.32 (0.98–1.77) .068
 Q2–Q3 (66.5–86.0) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
 Q1 (21.6–66.4) 1.13 (0.86–1.48) .368 1.13 (0.86–1.49) .379 1.09 (0.82–1.45) .535

Notes: eGFR = estimated glomerular filtration rate.
*Adjusted for age and race.
†Adjusted for multiple covariates, including age, race, education, self-reported health status, Geriatric Depression Scale, Instrumental Activities of Daily Living, 

smoking, alcohol intake, body mass index, history of coronary vascular disease, history of diabetes, history of hypertension, and history of stroke.
‡Calculated by the CKD-EPI cystatin C equation (27).
§Calculated by the CKD-EPI creatinine–cystatin C equation (27).
||Calculated by the CKD-EPI creatinine equation (27).
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This study has a number of strengths including its prospective 
design, the well characterized cohort, use of cystatin C and creati-
nine-based measures of renal function, as well as rigorous methods 
to diagnose clinically relevant cognitive impairment. However, this 
study has several limitations. The cohort was comprised of very 
elderly women and findings might not apply to other population 
groups. We had no direct measure of GFR, and very few women 
in our study had significant renal impairment. Finally, because 
women with significant kidney disease or cognitive impairment 
were less likely to survive into their 90s, our results might represent 
survivor bias.

In conclusion, our findings support a U-shaped association 
between cystatin C concentration (and eGFR) with risk of cognitive 
impairment or dementia 10 years later, but it is uncertain whether this 
association is independent or explained by confounding factors. Both 
high and low cystatin C concentrations might be associated with poor 
cognitive outcomes in the very old. Because of the confusing state of 
the evidence in the very elderly, providers might need to shift their 
focus away from laboratory biomarkers to more functional estimates 
of performance that might allow for identification of more relevant 
barriers to healthy aging in this population. Whether cystatin C can 
become a target or therapeutic agent used for prevention of cognitive 
impairment and dementia in the elderly remains to be determined.
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