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Abstract
Background. Cross-sectional analyses of kidney function
and physical function have identified profound quality of
life impairments in people with advanced kidney dysfunc-
tion. No data are currently available, however, on how
kidney function decline may be associated with physical
function.
Methods. We undertook a study of kidney function de-
cline and physical function in 2544 women participating
in the Nurses’ Health Study. Glomerular filtration rates
(GFR) were estimated using the four-variable MDRD equa-
tion from plasma creatinine measured in blood collected in
1989 and 2000. Physical function was assessed by the Phys-
ical Function Sub-Scale (PFS) score of the Short Form 36
(SF-36) in a questionnaire administered in the year 2000.
PFS scores have been shown to correlate well with direct
measures of physical function.
Results. In the year 2000, the median age was 67 years, me-
dian body mass index (BMI) was 25.6 kg/m2, 48.5% had hy-
pertension and 5.8% had diabetes. There were 427 women
(16.8%) who experienced an ≥25% decline in eGFR be-
tween 1989 and 2000. Median PFS in 2000 for those with an
eGFR decline of ≥25% was 80 compared to a PFS score of
85 for those without (P < 0.001). In fully adjusted models,
the presence of an eGFR decline of ≥25% was indepen-
dently associated with a 3.5-point lower PFS score (95%
CI −5.4 to −1.5). Also, an eGFR decline of ≥25% was
independently associated with an increased odds ratio of
being in the lowest quartile of PFS score (OR 1.37; 95% CI
1.04–1.81).
Conclusions. We conclude that an eGFR decline of ≥25%
over 11 years is independently associated with lower phys-
ical function in women.
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Introduction

Chronic kidney disease (CKD) is increasing in epidemic
proportions. An estimated 11% of the total adult popula-
tion in the United States has CKD as defined as persistent
albuminuria or decreased glomerular filitration rate (GFR)
[1]. Approximately 6% of this population has an estimated
glomerular filtration rate (eGFR) ≤60 ml/min/1.73 m2,
which is widely considered to represent moderate or worse
kidney dysfunction [2]. An analysis of National Health and
Nutrition Examination Survey (NHANES) II and III data
estimated that the CKD prevalence increased by 25% be-
tween 1978 and 1991 [3].

Physical dysfunction may be an important determinant
of morbidity and mortality in people with kidney diseases.
Studies have uniformly reported significantly decreased
physical function in end-stage renal disease (ESRD) pa-
tients [4,5], and this physical dysfunction in ESRD is pow-
erfully associated with mortality. Lower baseline physical
component summary scores on the SF-36 are independent
predictors of 1-year mortality [6–8] and hospitalization
[6,8].

In pre-dialysis populations, a decreased eGFR of
<60 ml/min/1.73 m2 has been associated with impaired
walking and lifting ability in the NHANES III partici-
pants in an unadjusted cross-sectional analysis [9] as well
with lower physical functioning sub-scores on the SF-36
that persisted after multivariable adjustment in >10 000
Australians participating in the population-based AusDiab
study [10]. In addition, a linear regression analysis of
NHANES III data reported that estimated creatinine clear-
ance by Cockcroft-Gault was directly associated with activ-
ity level measured by metabolic equivalents (METS) [11].
A Japanese study of 294 patients with advanced chronic kid-
ney failure (mean baseline plasma creatinine of 4.7 mg/dl)
also reported faster rates of decline in health-related quality
of life measures on the SF-36 including the Physical Func-
tion Sub-Scale (PFS) in these patients when compared to
the general population [12].

No data are currently available, however, on how kidney
function decline may be associated with physical function.
We undertook this current investigation to test the hypothe-
sis that kidney function decline is independently associated
with lower physical function.
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121,577 women enrolled in NHS cohort in 1976

32,826 out of 121,577 women submitted blood samples in 1989

2,691 women in an analgesic medication and kidney 
function sub-study who had plasma creatinine assayed in 
blood samples from both 1989 and 2000 and answered a 
supplementary questionnaire

2,544 women in the analgesic medication and kidney function sub-study who had 
complete data on the Physical Function Sub-scale of SF-36 on year 2000 NHS 
questionnaire

Fig. 1. Participant selection.

Subjects and methods

Study population

The Nurses’ Health Study (NHS) was established in 1976
when 121 700 female registered nurses aged 30–55 years
and residing in 11 large U.S. states completed a mailed
questionnaire on their medical history and lifestyle charac-
teristics; participants return follow-up questionnaires every
2 years. The follow-up of participants exceeds 90% in the
30 years since the study’s initiation.

The participants in the current study were part of a sub-
study designed to assess the association between analgesic
use and change in renal function [13]. Briefly, we first
limited our study sample to the 32 826 participants who
provided a blood sample in 1989. Women were excluded
from this initial blood collection if they had a history of
either cancer (except non-melanoma skin cancer) or cardio-
vascular disease (myocardial infarction, angina, stroke or
transient ischemic attack). The characteristics of the women
who provided blood samples were similar to those of the
total cohort in terms of the prevalent hypertension, age,
weight, diabetes mellitus and hyperlipidemia.

The population was then further limited to 2691 women
who answered a supplementary questionnaire about anal-
gesic use and who had serum creatinine measured in both
blood samples from 1989 and 2000, and finally to 2544
women who had complete data for the PFS sub-score of the
SF-36 from the 2000 questionnaire (Figure 1). Furthermore,
these 2544 NHS participants appeared to be representative
of all women who returned the year 2000 questionnaire
(mean age 66, BMI 26 kg/m2 and similar lifestyle charac-
teristics).

Biological samples collection

Blood was collected from 32 826 NHS participants in 1989,
and a second blood sample was obtained from 18 720 of
these women in 2000. Participants invited to submit blood
were free of cardiovascular disease (myocardial infarction,
angina, stroke or transient ischemic attack) and cancer (with
the exception of non-melanoma skin cancer). Each inter-
ested participant was sent a blood collection kit containing
instructions and needed supplies. The participants made
arrangements for the blood to be drawn locally and then
sent the sample back by overnight courier. A total of 97%

of samples arrived in our laboratory within 26 h of being
drawn. After centrifugation, the cryotubes were stored in
the vapor phase of liquid nitrogen freezers at −130◦C.

NHS participants who did and did not return a blood
sample in 1989 were generally similar in age and lifestyle
characteristics (mean age 49.5 versus 49.4 years, BMI
24.2 versus 24.5 kg/m2, physical activity 14.5 versus 13.7
METS/day and almost identical dietary patterns).

Assessment of kidney function

Estimated GFR (eGFR) decline between 1989 and 2000 was
estimated by the by four-variable MDRD equation [14].
A decline of ≥25% was chosen as the primary exposure
of interest. Secondary cross-sectional analyses of associa-
tions of eGFR <60 ml/min/1.73 m2 or plasma creatinine
≥1.1 mg/dl (which represented the top 5th percentile for
this study cohort in 2000) in 2000 with physical function at
that time were also examined. Third, we also analyzed the
association between eGFR in 1989 and physical function in
2000.

Plasma collected from the study participants was thawed
and sent to the laboratory at Children’s Hospital, Boston.
Plasma creatinine was analyzed using the DuPont CREA
method, which is a modification of the kinetic Jaffe reac-
tion. Plasma samples from both the 1989 and 2000 collec-
tions were assayed at the same time. The percent coeffi-
cient of variation for creatinine in masked quality control
samples in the NHS was 10% [13]. In 2007, repeat crea-
tinine assays of 20 NHS plasma samples (with a range of
0.6–1.4 mg/dl) initially measured in the year 2000 revealed
a mean recalibration coefficient (new value/original value)
of 0.97 and confirmed that plasma creatinine is stable for
many years under our storage conditions.

Outcomes

Our primary outcome of interest was the PFS of the SF-
36 assessed by questionnaire in the year 2000. The PFS
is widely used in clinical and epidemiologic studies as a
measure of physical function and is consistent, reliable and
predictive of morbidity and mortality in a variety of pop-
ulations [15,16] as well as in patients with end-stage kid-
ney disease [6–8]. Moreover, this questionnaire has been
validated in patients with kidney disease who underwent
direct physical performance testing including gait speed,
stair climbing and chair rising [17]. The PFS has been used
effectively in the NHS cohort to investigate the associations
between physical function and interstitial cystitis [18], so-
cial networks [19] and weight gain [20].

The PFS comprises 10 questions with the same three
response choices for each question; each answer of ‘Yes,
limited a lot’ receives one point, an answer of ‘Yes, limited a
little’ receives two points and an answer of ‘No, not limited
at all’ receives three points. A raw score was calculated
for the entire set of 10 questions and can range from a
minimum of 10 to a maximum of 30 points. The raw score
was transformed to a 100-point scale [21]. A PFS score of
100 is considered a perfect physical function and a score
of 80 or less is considered significant physical impairment
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Table 1. Clinical and laboratory characteristics of 2544 Nurses’ Health Study participants

Total study population
(n = 2544)

eGFR decline <25%
(n = 2117)

eGFR decline ≥25%
(n = 427)

Age (years) 67 (53–80) 67 (53–79) 68 (53–80)∗∗
African American 12 (0.5) 10 (0.5) 2 (0.5)
Body mass index in 1990 (BMI) (kg/m2) 24.4 (14.1–63.8) 24.4 (14.1–53.2) 24.7 (15.1–63.8)
Body mass index in 2000 (BMI) (kg/m2) 25.6 (11.7–64.7) 25.5 (11.7–54.8) 25.7 (14.6–64.7)∗
Change in BMI between 1990 and 2000 (kg/m2) 0.8 (−13.6–20.2) 0.8 (−8.6–20.2) 0.8 (−13.6–16.5)
Current cigarette smoking 145 (5.7) 125 (5.9) 20 (4.7)
Ever smoked 1356 (53.3) 1115 (43.8) 241 (56.4)
Alcohol intake of 30+ g/day 90 (3.5) 80 (3.8) 10 (2.3)
Hypertension 1233 (48.5) 978 (46.2) 255 (59.7)∗∗∗
Diabetes 148 (5.8) 106 (5.0) 42 (9.8)∗∗∗
CHF 25 (1.0) 18 (0.9) 7 (1.6)
Peripheral vascular disease 86 (3.4) 73 (3.5) 13 (3.0)
Any CVD (MI, angina, CABG or stroke) 58 (2.3) 46 (2.2) 12 (2.8)
Emphysema 126 (5.0) 95 (4.5) 31 (7.3)∗
Osteoarthritis 903 (35.5) 745 (35.6) 149 (34.9)
Any BP medication (yes/no) 954 (37.5) 760 (35.9) 194 (45.4)∗∗∗
Measured sCr (mg/dl) in 1989 0.8 (0.5–2.8) 0.8 (0.5–2.8) 0.7 (0.6–1.6)∗∗∗
Measured sCr (mg/dl) in 2000 0.8 (0.5–2.6) 0.8 (0.5–1.9) 0.9 (0.6–2.6)∗∗∗
eGFR (ml/min/1.73 m2) in 1989 85 (19–139) 84 (19–139) 95 (35–137)∗∗∗
eGFR (ml/min/1.73 m2) in 2000 76 (19–134) 79 (27–134) 63 (19–99)∗∗∗
PFS score in 2000 85 (5–100) 85 (5–100) 80 (5–100)∗∗∗
PFS ≤80 in 2000 1127 (44.3) 906 (42.8) 221 (51.8)∗∗∗
PFS ≤65 in 2000 645 (25.4) 502 (23.7) 143 (33.5)∗∗∗

Results are expressed as median (range) or number (%).
∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001 when compared to referent group with the eGFR decline <25%.
eGFR: estimated glomerular filtration rate; PFS: Physical Function Subscale of the SF-36.

[21]. We also considered a PFS score ≤65 (representing the
lowest quartile) as a dependent variable.

Covariates

Multivariable models examining associations between kid-
ney function and physical function were adjusted for age,
BMI, hypertension (HTN), diabetes, a history of past
or current cigarette smoking, category of alcohol use
(none, 0.1–4.9, 5–14, 15–29, ≥30 g/day), current use of di-
uretics, calcium channel blocker, beta-blocker, angiotensin
converting enzyme (ACE) inhibitor or angiotensin-2 re-
ceptor blocker (ARB), other blood pressure medications,
ibuprofen, COX-2 inhibitor, acetaminophen, aspirin, a
history of cardiovascular disease (myocardial infarction,
angina, coronary artery bypass grafting or stroke), conges-
tive heart failure, peripheral vascular disease, emphysema,
osteoarthritis and rheumatoid arthritis. We also considered
BMI categories (normal weight <25 kg/m2, overweight
25–29.9 kg/m2, obese 30–34.9 kg/m2 and morbidly obese
>35 kg/m2) instead of BMI as a continuous covariate in
multivariable modeling. These variables are self-reported
on biennial questionnaires and many have been validated
through chart review in a subset of participants [22–27].

Statistical analysis

The Wilcoxon signed-rank test was used for comparisons
of continuous variables and the chi-square test for com-
parisons of proportions. Linear regression modeling was
used to test associations between PFS score (dependent
variable) and eGFR decline. Residuals in the linear regres-

sion modeling were examined and appeared normally dis-
tributed. Logistic regression modeling was used for the de-
pendent variables of PFS score ≤80 or in the bottom quartile
(PFS ≤65). With these data, we had 90% power to detect
odds of 1.3 and 59% power to detect odds of 1.2. All anal-
yses were performed with SAS software, version 9.1 (SAS
Institute, Inc., Cary, NC, USA).

Results

Our study population comprised 2544 women with a me-
dian age of 67 years (range 53–80). When stratified by
an eGFR decline of at least 25% between 1989 and 2000,
those with eGFR decline were older, had higher BMI, higher
frequencies of hypertension and diabetes, emphysema and
blood pressure medication use (Table 1). An average weight
gain of 0.8 kg over the follow-up time was noted in both
groups. The prevalence of individual diuretic and blood
pressure medication use ranged from 3% for furosemide
to 16.6% for thiazides. In the overall cohort in 2000, 44%
had a PFS score ≤80 and 25% had a PFS score ≤65 in
2000. Higher proportions of women with an eGFR decline
of ≥25% had PFS ≤80 and ≤65 (Table 1). On univari-
ate analyses, an eGFR decline of ≥25% was significantly
associated with the presence of hypertension, diabetes, em-
physema, ibuprofen use, acetaminophen use, thiazide use,
angiotensin-converting enzyme inhibitor medication and
any blood pressure medication use (all P < 0.05).

After multivariable adjustment, eGFR decline of ≥25%
over 11 years was associated with a 3.5 point lower PFS
score (95% CI, −5.4 to −1.5) when compared to the group
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Table 2. Multivariable linear regression models for association between
eGFR decline ≥25% between 1989 and 2000 and PFS in 2000

β-coefficient (95% CI)
for eGFR decline ≥25%

P-value

Univariate age-adjusted −6.4 (−8.7, −4.0) <0.001
model

Full MV modela −3.5 (−5.4, −1.5) <0.001

aFull MV model adjusted for age, BMI, HTN, diabetes, ever smoked,
category of alcohol use (none, 0.1–4.9, 5–14.9, 15–29.9, ≥30 g/day),
thiazide, furosemide, calcium channel blocker, β-blocker, ACE or ARB,
other blood pressure medications, CVD (MI, angina, CABG or stroke),
CHF, peripheral vascular disease, emphysema, osteoarthritis, rheumatoid
arthritis, ibuprofen, Cox-2 inhibitors, acetaminophen and ≥1 aspirin use
per week.

Table 3. Multivariable logistic regression models for association between
eGFR decline ≥25% between 1989 and 2000 and measures of physical
function in 2000

Odds ratio (95% CI) for
eGFR decline ≥25%

P-value

PFS ≤80 (physical dysfunction)
Age-adjusted univariate 1.39 (1.12, 1.72) 0.002

model
Full MV modela 1.24 (0.96, 1.60) 0.09

PFS ≤65 (lowest quartile of physical function)
Age-adjusted univariate 1.57 (1.25, 1.98) <0.0001

model
Full MV modela 1.37 (1.04, 1.81) 0.03

aFull MV model adjusted for age, BMI, HTN, diabetes, ever smoked, cate-
gory of alcohol use (none, 0.1–4.9, 5–14.9, 15–29.9, ≥30 g/day), thiazide,
furosemide, calcium channel blocker, β-blocker, ACE or ARB medica-
tion use, other blood pressure medications, CVD (MI, angina, CABG
or stroke), CHF, peripheral vascular disease, emphysema, osteoarthritis,
rheumatoid arthritis, ibuprofen, Cox-2 inhibitors, acetaminophen and ≥1
aspirin use per week.

without a ≥25% eGFR decline (Table 2). Covariates includ-
ing age, BMI, smoking, several chronic medical conditions
and blood pressure lowering medications remained signif-
icantly associated with a lower PFS in the fully adjusted
linear model adjusting for eGFR in 1989, categories of
BMI, change in BMI or excluding those with BMI >35 did
not alter the findings. As illustrated in Table 3, an eGFR de-
cline of ≥25% was marginally associated with an increased
odds of PFS score ≤80 (OR 1.24; 95% CI 0.96–1.60) and
significantly associated with PFS score ≤65 (OR 1.37; 95%
CI 1.04–1.81) after multivariable adjustment. Further ad-
justment for baseline eGFR in 1989 in the model did not
change these results. The results were also not significantly
different if the change in BMI between 1989 and 2000 was
included as a covariate in the linear and logistic models
nor when those with morbid obesity (BMI >35) were ex-
cluded. Interaction terms of an eGFR decline of ≥25% and
(a) BMI as either a continuous or categorical variable or
(b) BMI change were not significant (all P > 0.30) when
tested. Almost all covariates that were significantly asso-
ciated with worse physical function in linear regression
analyses were also directly associated with PFS ≤65 in the
multivariable logistic regression model. All results were

materially unchanged when analyses were restricted to the
2226 women who were self-reported as Caucasian.

Removing those participants with chronic comorbidities
(diabetes, CHF, vascular disease, any CVD or emphysema)
resulted in a sample size of 2162 and the associations be-
tween eGFR decline and dichotomized PFS scores were
attenuated (OR 1.18; 95% CI 0.90–1.56 for PFS score
<80 and OR 1.21; 95% CI 0.88–1.67, for PFS ≤65).
All interaction terms of an eGFR decline of ≥25% and
each of these comorbidities, however, were non-significant
(all P-values >0.20).

In secondary analyses, we first examined for
univariate associations between eGFR categories of
≥90 (n = 556), 75–89 (n = 801), 60–74 (n = 819)
and <60 (n = 368) ml/min/1.73 m2 and PFS score in the
year 2000 and found that only eGFR <60 was signifi-
cantly associated with a 4.7 point lower PFS score (95%
CI −7.7 to −1.7). Regression models examining the cross-
sectional associations between the exposure of eGFR <60
ml/min/1.73 m2 in 2000 and PFS score as a continuous
dependent variable were also constructed. Although the
age-adjusted univariate model demonstrated a statistically
significant lower PFS score by 3.6 points (95% CI −6.2 to
−1.1) in those with eGFR <60 ml/min/1.73 m2, this asso-
ciation was markedly attenuated and no longer significant
when BMI was included in the model (PFS difference of
1.9 points, 95% CI −4.2–0.4).

Similar to the results of linear regression analy-
sis, logistic regression showed that age-adjusted eGFR
<60 ml/min/1.73 m2 was significantly associated with PFS
score ≤80 (OR 1.32; 95% CI 1.04–1.69), but this was no
longer significant when BMI added to model (OR 1.15;
95% CI 0.90–1.47, P = 0.27). All cross-sectional linear and
logistic regression model results were very similar when
plasma creatinine was ≥1.1 mg/dl in 2000, which corre-
sponded to a median eGFR of 47 ml/min/1.73 m2 and a
mean eGFR of 44 ml/min/1.73 m2 for the group meeting
this cutpoint, was used as the definition of kidney dysfunc-
tion (data not shown). Moreover, in examining the asso-
ciation between eGFR <60 ml/min/1.73 m2 in 1989 and
physical function in 2000, we again observed that eGFR
was not significantly associated with PFS score once BMI
was included in all multivariable linear and logistic models
(data not shown).

Discussion

We report new findings that an eGFR decline of ≥25%
over 11 years is associated with an increased risk of lower
physical function in middle-aged and older women. We ad-
justed for several independent predictors of CKD identified
in population-based studies including diabetes [2,28], hy-
pertension [2,28], higher BMI [28,29] and cigarette smok-
ing [28], which were also inversely associated with PFS in
our cohort. The 3.5-point difference in PFS score in the
presence of a ≥25% eGFR decline is similar to re-
ported magnitudes of adjusted PFS scores associated with
chronic conditions such as diabetes mellitus (−2.9 points),
hypertension (−2.6 points), musculoskeletal disease
(−3.8 points) and heart disease (−5.0 points) [30]. This
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Fig. 2. Odds ratios and 95% confidence intervals for different levels of eGFR decline and PFS ≤65.

association between eGFR decline and physical function
appeared to be most robust for those women in the lowest
quartile of physical function (PFS ≤65) (OR 1.37; 95% CI
1.04–1.81).

Progressively decreasing clearance of toxins could be a
potential etiology of the underlying pathophysiology of our
findings. Because of the sparse data on physical function in
those with CKD, this hypothesis is derived from proposed
mechanisms contributing to decreased physical function in
ESRD including uremic myopathy and neural and oxidative
abnormalities. For example, impairment in musculoskeletal
strength, balance and speed of muscle recruitment has been
noted in dialysis-dependent patients who underwent direct
testing of quadriceps torque, walking speed and balance
[31]. Dysfunction in peripheral and central neural activation
as well as decreased oxidative potential in the muscles may
also contribute to the excessive muscular fatigue seen in
ESRD patients [32].

After multivariable adjustment for BMI, comorbid medi-
cal conditions and medications, we found no association be-
tween eGFR <60 and PFS score in cross-sectional analyses.
BMI appears to be one of the most important confounders
between the cross-sectional association of eGFR <60 and
physical function. Higher BMI has been associated with
lower levels of physical function by the PFS of the SF-36
in studies of community-dwelling women [33,34]. Higher
BMI is also an independent risk factor for kidney dysfunc-
tion [29]. These results are consistent with the recent cross-
sectional analysis of NHANES III data by Finkelstein et al.
that reported all associations between estimated creatinine
clearance and measures of physical function were null in
adults ≥56 years old after multivariable adjustment [11].
Another study of ∼3000 people aged 70–79 years in the
Health, Aging, and Body Composition study also reported
that univariate associations between MDRD eGFR <60 and
measures of physical function became null in multivariable
models that included BMI [35]. Future investigations of
associations between eGFR with physical function should
therefore include BMI, comorbidities and medication use
in adjusted models.

One possible explanation for the absence of an asso-
ciation between eGFR <60 ml/min/1.73 m2 and PFS in

adjusted models is that participants were being misclassi-
fied with eGFR <60 because of the bias of the estimating
equation, which has been shown to underestimate directly
measured eGFR by 20–30 ml/min/1.73 m2 in those with
plasma creatinine in the normal range [36,37]. In contrast,
perhaps the eGFR decline ≥25% is a more accurate as-
sessment of the presence and progression of CKD. We do
not think that the results can be attributed primarily to mis-
classification, however, because the eGFR <60 ml/min/
1.73 m2 in both 1989 and 2000 were significantly associ-
ated with lower PFS on univariate analysis, consistent with
previous univariate cross-sectional reports of eGFR <60
and measures of physical function.

The choice of an eGFR decline of ≥25% over 11 years
as the primary exposure of interest was determined a priori
and has been used in previous analyses of renal function
decline in NHS participants [13,38]. When we examined
different cutpoints of eGFR decline in our study popula-
tion, a decline in eGFR of ≥20% resulted in an atten-
uated and non-significant association with PFS in linear
and logistic regression analyses (Figure 2). In contrast,
using an eGFR decline of ≥30% or ≥35%, which should
further minimize false positive classification of those
with kidney function decline, resulted in similar odds
ratios observed with the ≥25% threshold although the
95% confidence intervals were wider because of the
smaller numbers of women at these higher cutpoints of
eGFR decline (Figure 2). We hypothesize that an eGFR
≥20% may be subject to random misclassification because
of the errors in using estimation equations whereas an
eGFR decline of ≥25% appears to provide a more ro-
bust and meaningful exposure cutpoint while providing a
reasonable percentage of participants with this exposure
(16.8%).

Investigators have reported an estimated creatinine clear-
ance decline of 1 ml/min/1.73 m2 per year in adults over
the age of 40 [39]. We could therefore potentially attribute
an eGFR decline of 11 ml/min/1.73 m2 over the 11-year
study period to aging alone; however, to meet the definition
of a ≥25% eGFR decline attributable only to aging would
require a baseline eGFR of 44 ml/min/1.73 m2 or less.
Only 10 women in our study had an eGFR of 44 ml/min/
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1.73 m2 or lower at baseline, and of these, only 2 women
experienced an ≥25% eGFR decline over 11 years. There-
fore, in our cohort, an eGFR decline of ≥25% over
11 years occurred almost exclusively in women with higher
renal function at baseline and exceeded the rate of eGFR
decline expected with aging alone.

Limitations of this investigation include the absence of
data about albuminuria, which is an additional marker of
progressive CKD. Second, plasma creatinine was not cali-
brated to the Cleveland Clinic laboratory, but studies that
have attempted this type of calibration have reported a per-
sistence of low accuracy (only 64% of eGFR values are
within 30% of directly measured GFR) [40] or even a de-
crease in precision [41]. Moreover, the cutpoint of eGFR
<60 ml/min/1.73 m2 appears to be minimally influenced
by calibration differences of plasma creatinine across labs
[42] and a bias in estimating eGFR should not result in a
systematic bias in calculating the rate of decline of eGFR
over time in the same person. Low power for an odds ra-
tio of 1.2 seen in the fully adjusted model for PFS ≤80 is
another limitation although all analyses of kidney function
decline and PFS consistently showed an inverse associa-
tion. After the 382 women with any chronic comorbidities
were removed from the analysis, we still observed elevated
odds ratios between an eGFR >25% decline and PFS <80
(OR = 1.18) and PFS <65 (OR = 1.21). The associations
were no longer statistically significant, however, likely be-
cause of decreased power from a smaller number of out-
comes. This study was performed in a cohort of primarily
Caucasian women and the findings may not be necessar-
ily generalizable to men or to other ethnic groups although
there is no strong reason to believe there would be a biolog-
ical difference in other populations. Lastly, the possibility
of residual confounding in these multivariable models is
also present, as in any observational epidemiological study.

A major strength of the current study, however, is the
large cohort of well-educated women with a validated in-
strument for measuring physical function. In addition, we
included important potential confounders in our multivari-
able models and tested for interaction terms. The women
included in this analysis also appeared to be representa-
tive of the entire NHS cohort. Although there is a potential
survivor bias introduced by women who may have experi-
enced faster GFR and physical function decline and who
died before the year 2000, this bias would be expected to re-
duce the magnitude of the association between faster GFR
decline and lower PFS as they are each risk factors for
mortality.

In conclusion, we found that an eGFR decline of ≥25%
over 11 years is independently associated with lower physi-
cal function in our cohort of middle-aged and older women.
This association may represent an important public health
issue in the current epidemic of CKD. Further investiga-
tions should include examination of how baseline eGFR
and eGFR decline are associated with subsequent change
in physical function.
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