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CRP, but not fibrinogen,

Is associated with gait speed

as early as middle age, in females
but not males

Noha Shekh Ahmed-Yousef'?, Omer Dilian%2*?, Khalil Iktilat* & Maayan Agmon?

Low grade systemic inflammation and age-related gait speed decline are known to be related in older
adults, but their relations in the early stages of the aging process are yet to be fully described. The aim
of this study was to examine the relationship between gait speed and two inflammation markers—c-
reactive protein (CRP) and fibrinogen—in a cohort of middle-aged adults in Israel. 326 healthy,
middle-aged, Muslim-Arabs from three villages in northern Israel participated in this cross-sectional
study. Serum CRP and fibrinogen were measured via blood tests, and gait speed was assessed with
the 6-min walk test (6MWT). After adjusting for sex, age, height, BMI, systolic blood pressure, fasting
blood glucose and triglycerides, executive function, smoking status and aerobic physical activity, gait
speed was negatively and significantly associated with CRP (b=- 0.01, p=0.029). When stratifying

by gender, this link remained significant only among females (b=- 0.012, p=0.041), such as that an
increase of one SD unit of CRP was associated with a 0.047 m/s decrease in gait speed. No significant
link was found between fibrinogen levels and gait speed. Blood CRP levels are associated with a slower
walking speed already in middle age, independent of age, executive function and cardio-metabolic
factors, among female Arab-Muslims in Israel. Future studies should examine this relationship
longitudinally and investigate a broader array of inflammation markers. Systemic inflammation

may serve as an early marker for people at risk of decreased walking or accelerated aging; Early
identification and intervention among at-risk individuals may help prevent or slow gait speed decline,
and promote healthier aging.

The world’s population is rapidly aging, and the identification of risk factors for accelerated aging and promo-
tion of healthy aging have been proposed as major public health goals'. Mobility, defined as the ability to move
independently?, is considered a hallmark of functional aging®, and decreased mobility has been linked to lower
quality of life and adverse health outcomes such as falls*, dementia, disability and mortality, among older adults®.
Mobility is often proxied by gait speed, seen as a simplified measure predicting adverse health effects and func-
tional decline.*”

Gait speed gradually declines with aging, a process that is thought to be related, among other factors, to low-
grade systemic inflammation—seen by increased inflammation markers in serum characteristic of old age®'°.
It is hypothesized that increased inflammation could mediate age-related gait decline®'!, with higher levels of
inflammatory markers such as C-reactive protein (CRP), fibrinogen, IL-6 and TNF-a being associated with
decreased gait speed among older adults in multiple studies®!°~'*>. However, this association has been very rarely
examined in middle-aged adults.

In recent years, it has become clear that gait deterioration, among other age-related processes, begins as early
as middle age'*'*. Identification at this preliminary stage could allow for treatment adjustment and the develop-
ment of appropriate interventions’. The few studies conducted on middle-aged populations present conflicting
results as to whether increased inflammation markers are associated with decreased gait speed as early as mid-
life*!6-18, Perhaps this inconsistency could be explained by the methodologies used to assess gait speed, with
short (8-15 m) walking trails or one-minute speed tests possibly being unsuitable to measure gait speed decline
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in mid-life. Longer walking tests are more ecologically relevant, and recent understandings suggest that they
may reflect gait-speed and physical capacity more accurately™%.

This cross-sectional study examined the association between inflammatory markers (CRP and fibrinogen)
and gait speed in a six-minute walk test, in a cohort of middle-aged Arabs in Israel, an understudied popula-
tion. While this relationship has been studied extensively at older ages, very few past studies have examined it
in middle-aged adults. Determining the relationship between inflammatory markers and reduced gait speed
in early stages could improve our understanding of the pathways behind physiological and pathological aging
processes, and could facilitate the implementation of interventions to slow or prevent age-related gait decline.

Methods

Study population. Sample. The study used data collected in a survey examining health-related behaviors
in middle-aged Arab-Muslims in Israel. Participants were recruited from three Arab villages in northern Israel,
via recruitment posters in public places, by word of mouth within each village, and by snowball sampling.

Inclusion criteria.

(a) Muslims of both genders

(b) Aged 40-60 years

(¢) Do not use assistive devices in walking, and without orthopedic limitations or history of lower limb injury
or surgery, according to self-report.

(d) Without medical history that prevents participation in the study, such as hearing impairment, dementia
or mental or intellectual disability, according to self-report.

Exclusion criteria.

(a) Participants with CRP above 20 MG/dl were excluded, to eliminate cases of acute inflammation or illness.
(b) Participants with partial blood test results were excluded from the study.

Procedure. Each participant participated in two sessions, held in public institutions such as schools and
local associations. During the first session, lasting about an hour and occurring in the timeframe of 10:00-19:00,
participants were asked to sign an informed consent form for their participation after the purpose of the study
and anonymity procedures were explained to them. Subsequently, questionnaires related to lifestyle were distrib-
uted, biometrics (blood pressure, weight, height, waist and hip circumferences) were collected, and participants
were asked to undergo a series of tests that included various skills such as walking, executive and cognitive func-
tion. The second session took place a week later at a pre-arranged institution, between 6:00-8:30 AM, during
which participants underwent blood tests. Participants were requested to fast for 12 h before the second research
session. After data collection, the data was coded and processed using the SPSS software package.

The research was conducted in accordance with the relevant ethical guidelines and regulations; all participants
provided informed consent and the study was approved by the Ethics Committee of the University of Haifa #
237/21.

Tools.  Gait speed in 6 min walk. ~ Gait speed was measured using the 6-min walk test (6MWT)—a common
test to assess personal functioning abilities, suitable for a wide range of populations and requiring minimal
equipment®!, that is also considered a predictor of actual physical activity®?. Participants were asked to walk
"as fast as they can without running", in a speed that would allow them to continue walking for 6-min, back
and forth between two ends of a 10-m walking trail. The test was conducted indoors, on a flat floor, in halls of
community centers in each of the villages. The walking trail was marked on the floor using colored tape, with
additional markers every 1-m to allow for exact measurements. Total distance walked was measured for each
minute separately and for the six minutes cumulatively, and divided by time walked to receive average walking
speed. In the analyses, measurements from the first minute and from the total six minutes were used - the first
as a representation of gait speed as measured in short walking tests, and the second as a measure of endurance,
that represents walking speed under aerobic stress>>*.

Inflammation markers. Fibrinogen and CRP concentrations were measured from blood samples collected
after an 8-12-h overnight fast, from an antecubital vein into a 3.8% sodium citrate-containing tube, which was
stored at —80 °C until assayed. The study measurements were performed under quality control supervision of
established reference laboratories, and 5% blind duplicate samples were used to estimate the analytic variation
within runs and over time*. CRP was measured using an Abbott Architect CI-4100 (Abbott, Germany), reagent
no. 8-6K26-30, with a detection range of > 0.6 mg/dl. Fibrinogen was derived using prothrombin time (PT) test,
with HemosIL RecombiPlasTin 2G kit (Werfen, Barcelona, Spain).

Covariates. Age, sex, height and weight were collected, allowing for body mass index (BMI) calculation.
To account for cardiometabolic covariates, glucose and triglycerides levels from 8 to 12 h fasting blood tests
were measured. Additionally, blood pressure was measured using the standard electronic blood pressure device
Omron M6 Comfort (model number HEM-7360-E, Omron Healthcare, Kyoto, Japan), after subjects were
requested to rest for five minutes, and their legs were touching the floor and not crossed. Blood pressure was
measured before the walking test, three consecutive measurements, and average systolic pressure was calculated
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based on these measurements. Executive function was measured using the trail making test B, (TMT-B), used
to assess cognitive flexibility and executive function®®?. Current smoking status was collected using a direct
question—"are you smoking?", with waterpipe tobacco smokers included in the smoking group for analyses.
Aerobic physical activity status was also collected using a question—"are you participating in your spare time in
any physical activity lasting more than 20 min straight, causing you increased pulse, rapid breathing and sweat,
such as: running, quick walking, aerobic fitness, dancing, ball games, cycling, etc.?". In both cases, status was
analyzed as a binary variable, with participants being described as smokers/non-smokers, and participating or
not-participating in aerobic physical activity.

Statistical analysis. Linear regression models were used to assess the association between levels of inflam-
matory markers and gait speed. CRP and Fibrinogen were used as independent variables, and gait speed in 1 min
and 6 min were the outcome variables.

Three linear models were used; in the first (model 1), regressions were adjusted for age, sex and height. In the
second (model 2), results were further adjusted to account for BMI, triglycerides levels, fasting blood glucose,
and average systolic blood pressure. In the third (model 3), results were further adjusted for additional non-
physiological covariates: smoking status, aerobic physical activity status, and cognitive function. Covariates were
chosen based on their known relations with gait speed, physical function and inflammatory marker levels.?-3!
P-value < 0.05 was considered as statistically significant.

Results

Table 1 shows the characteristics of 326 participants (61.04% female) aged 40-60 years (mean age 49.3, SD 5.35)
who took part in both sessions of the study. Results are reported for the full cohort, and additionally for female
and male participants separately. Independent t-tests and chi-squared tests, as appropriate, were used to compare
the means of both groups, with significant differences between males and females found in smoking status, height,
average systolic blood pressure, triglycerides, and both one-minute and six-minute walking speed. Figure 1A-C
includes a scatterplot of the relationship between CRP and gait speed in 6-min walk in the full cohort and in the
female and male groups respectively.

Table 2 presents the results of the three linear regression models examining the association between inflam-
mation markers and gait speed described earlier. The models were used to explain both gait speed in 6 min and
in the first minute of the 6MW'T.

In all models CRP was found to be significantly and negatively correlated with gait speed both in six- and
one- minute walk. The link between fibrinogen and gait speed was, however, found insignificant in all models.
Specifically, in the fully adjusted model, CRP was associated with lower gait speed such as that an increase of one
standard deviation (SD) unit of CRP was associated with a 0.04 m/s decrease in gait speed in the six-minute test
(p=0.029), and with a 0.036 m/s decrease in gait speed in the one-minute result (p=0.042). In all models, the
link between fibrinogen and gait speed was found to be insignificant (in the fully adjusted model, b=— 0.0003,
p=0.156).

As gender was found to be a significant covariate in our first regression analysis, we conducted a further
post-hoc regression analysis, divided between female and male participants, in an attempt to assess the impact
of gender on the formerly described relationship. These results can be found in Table 3, which shows that while
discerning by gender, the link between CRP and gait speed remains significant only among females. In the fully
adjusted model, an increase of one SD unit of CRP was associated with a 0.047 m/s decrease in gait speed in the
six-minute test (p =0.041); when regressing on the first minute measurement, results bordered significance, with
an increase of one SD unit of CRP associated with a 0.043 m/s decreased gait speed (p=0.058).

Discussion

In this cross-sectional study higher serum levels of CRP, but not fibrinogen, were associated with slower gait in a
cohort of middle-aged Arab-Muslims in Israel. When stratifying by gender, this relationship remained significant
only among women. These results support and broaden existing literature regarding the links between higher
inflammation markers and gait speed decline's; the novelty of this study is the investigation of this connection
in a middle-aged population. Few former studies have been conducted in this age group, and our results suggest
that this link is already identifiable in early stages.

Our study identified a unique gendered pattern of the link between inflammation markers and gait speed;
higher CRP was associated with decreased gait speed among women, but not men even after controlling for
significant covariates such as age, BMI, cardiometabolic factors, smoking, executive function and physical activ-
ity. For several decades, it has been well documented that women and men undergo different aging patterns;
women live longer, but suffer from higher morbidity and disability than men, a phenomenon which has been
referred to as ‘the morbidity-mortality paradox™*-*%. Women are also more likely to suffer from inflammaging
and auto-immune diseases®>*.

Similar to our results, in a former study conducted among middle-aged women, fibrinogen was found to be a
less robust marker for physical functioning and gait than CRP, both at baseline and after 5 years'®. These findings
could perhaps be attributed to the underlying mechanisms connecting the proteins to gait decline. Higher CRP
levels are known to be caused by higher adiposity, through the secretion of IL-6%, while fibrinogen, in addition
to being an inflammatory marker, is a key factor in hemostasis and thrombosis, and is highly associated with
increased blood pressure®®*?. While in our cohort women and men did not differ in their BMI, they could still
differ in their adiposity patterns: higher visceral adiposity, more common in women than men, is known to be
highly related to decreased gait speed*. In cohorts of older adults, who show elevated serum inflammatory mark-
ers, including CRP and fibrinogen, compared to middle aged adults, both markers were associated with decreased
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All participants Male Female X p-value
N (%) 326 (100%) 127 (38.96%) 199 (61.04%)
Regularly smoke | 69 (21.2%) 55 (42.6%) 14 (7%) <0.001
Regularly partic-
ipate in aerobic | 165 (50.6%) 70 (55.1%) 95 (47.7%) 0.193
activity
Disease prevalence and medications
Et‘j's’etes mel- 1 31 (9.5%) 16 (12.5%) 15 (7.5%) 0.128
Coronary heart | |, (3.3%) 5(3.9%) 6 (3%) 0.653
disease . . ’
Depression 7 (2.1%) 2 (1.5%) 5(2.5%) 0.568
Medication-
treated hyper- | 44 (13.5%) 22 (17.3%) 22 (11%) 0.106
lipidemia
Medication- 9
troatod diabetes | 21 (64%) 10 (7.9%) 11 (5.5%) 0.400
Medication-
treated hyper- | 45 (13.8%) 18 (14.2%) 27 (13.5%) 0.877
tension

Independent t

Min Max Average SD Min Max Average | SD Min | Max Average | SD test p value
Age (years) 40 60 49.3 5.35 41 60 49.93 5.142 40 60 48.89 5.450 | 0.085
BMI (kg/mz) 19.54 56.5 30.22 5.03 21.5 46.61 30.37 4.47 19.54 | 56.51 30.12 5.36 0.656
Height (cm) 149 194 167.83 9.14 162 194 176.19 6.24 149 188 162.57 6.32 <0.001
Average
Systolic pressure | 78 208.67 123.07 17.54 101.33 | 208.67 | 131.56 16.78 78 172.5 117.66 15.82 <0.001
(mmHg)
Trail Making | 5 ;¢ 212 87.48 33.55 546|212 89.67 3503 |11 192 86.06 32.56 | 0.342
Test (seconds)
Glucose (mg/dl) | 61.08 312.37 98.99 28.25 62.77 299.98 | 101.81 27.95 61.08 |312.37 |97.18 28.36 | 0.147
(Trﬁg}(yg“des 36.09 756.35 134.88 83.36 455 | 75635 |166.47 | 108.86 |36.09 |35644 |11470 |53.04 | <0.001
CRP (mg/dL) 0.6 19.6 4.56 4.02 0.6 17.7 4.4 3.8 0.6 19.6 4.67 4.16 0.557
g}g““oge“ (mg/ | 2885 792.3 442.68 83 288.5 | 792.3 |432.93 | 77.06 |3095 |777.7 |448.893 |86.19 |0.09
Walking speed,
1st minute of 0.67 2.5 1.5 0.3 1 24 1.61 0.265 0.67 2.5 1.44 0.3 <0.001
6MWT (m/s)
Walking speed
in 6MWT (m/s) 0.29 2.69 1.5 0.3 0.97 2.57 1.61 0.265 0.29 2.69 1.44 0.3 <0.001

Gait speed in 6 minutes (m/s)

Table 1. Sample characteristics. 6MWT 6 min walk test, BMI Body Mass Index, SD standard deviation.
Significant values are in bold.
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Figure 1. the link between c-reactive protein and gait speed in a six-minute walk. (A) Describes the full cohort

(correlation coefficient: — 0.214, p<0.001), (B) (correlation coeflicient: — 0.253, p<0.001) and (C) (correlation

coeflicient: — 0.141, p=0.113) describe data of female and male participants respectively. All coefficients are for
Pearson correlation. CRP c-reactive protein.
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Dependent variable Model | Fibrinogenb (95% CI) | p CRP b (95% CI) P
1 0.0003 (- 0.0007, 0) 0.078 | —0.014 (- 0.022, — 0.007) <0.001
Gait speed in 6MWT, m/s 0.0002 (- 0.0006, 0) 0.250 | —0.009 (- 0.018, — 0.0004) | 0.040
0.0003 (- 0.0007, 0) 0.156 | —0.01 (- 0.018, - 0.001) 0.029

—0.0003 (- 0.0007, 0) 0.083 | —0.016 (- 0.023, — 0.008) <0.001
—0.0002 (- 0.0006, 0) 0.287 | —0.009 (- 0.018, - 0.0008) | 0.032
-0.00025 (- 0.0006,0) | 0.207 | —0.009 (- 0.018, —0.0003) | 0.042

Gait speed in 1st minute of 6MWT, meters/second

W N =] W[ N

Table 2. Regression models—whole sample. Model 1 adjusted for age, sex, and height. Model 2 further
adjusted for: BMI, glucose, triglycerides and average systolic pressure. Model 3 further adjusted for: executive
function (trail making test score), smoking status, aerobic physical activity status. Significant findings are in
bold. CI confidence interval.

Dependent variable ‘ Model ‘ Fibrinogen b (95% CI) ‘ P ‘ CRP b (95% CI) P
Males
1 —~ 0.0005 (~ 0.001, 0) 0.089 | - 0.01 (- 0.022, 0.003) 0.125
Gait speed in 6MWT, m/s 2 —0.0005 (- 0.4, 0) 0.166 | —0.006 (- 0.02, 0.007) 0.342
3 - 0.0005 (- 0.411, 0) 0.182 | —0.006 (- 0.02, 0.009) 0.434
1 —0.0006 (- 0.001, 0) 0.047 | —0.012 (- 0.024, 0.003) 0.56
Gait speed in 1st minute of 6MW'T, m/s 2 —0.0005 (- 0.001, 0.0001) 0.121 | —0.007 (- 0.02, 0.005) 0.253
3 —0.0005 (- 0.001, 0.0002) 0.171 | = 0.005 (- 0.019, 0.008) 0.458

Females

—0.0002 (- 0.007, 0.0002) 0.329 | -0.017 (- 0.027, — 0.007) <0.001
—0.0001 (- 0.0006, 0.0004) | 0.606 | —0.011 (- 0.023,0.0007) 0.066
—0.0002 (- 0.0007, 0.0002) | 0.344 | —0.012 (- 0.023, - 0.0005) | 0.041
—0.002 (- 0.0007, 0.0003) 0.419 | —0.018 (- 0.028, — 0.008) <0.001
—0.0001 (- 0.0006, 0.0004) | 0.696 | —0.012 (- 0.024,0) 0.05
—0.0002 (- 0.0007, 0.0003) | 0.439 | —0.011 (- 0.023, 0.0004) 0.058

Gait speed in 6MW'T, meters/second

Gait speed in 1st minute of 6MW'T, m/s

W =W~

Table 3. Regression models—separated by gender. Model 1 adjusted for age and height. Model 2 further
adjusted for: BMI, glucose, triglycerides and average systolic pressure. Model 3 further adjusted for: executive
function (trail making test score), smoking status, aerobic physical activity status. Significant findings are in
bold. CI confidence interval.

gait both in males and females'®'>*!~*%, This dynamic could suggest that the inflammatory stress induced by CRP
and fibrinogen is significant only above a certain basal level, and that this threshold could vary between males
and females, causing an earlier reaction among females. However, further research is required to affirm or dismiss
such a hypothesis. In a world advancing towards gender medicine and personalized medicine®, it is clear that
inflammaging is heavily affected by gender, and our study suggests that different inflammatory markers may be
appropriate for the identification female patients in high-risk for gait decline and pathological aging in mid-life.

While we accounted for BMI, involved in the potential pathways through which CRP could affect gait,
additional causal pathways exist; CRP could be related to gait decline either by direct tissue damage caused by
inflammation, or by the promotion of inflammatory diseases and sarcopenia*~*". The patterns underlying the
relationship between low grade systemic inflammation and gait speed decline are yet unclear, and our study
provides an addition to existing initial understandings.

We hypothesize that the existing conflicting results regarding the links between serum inflammation markers
and gait speed in middle age could be partly attributed to the walking test characteristics. Past studies examin-
ing the relationship between inflammation markers and gait speed tended to use short walking tests, such as
the 20-foot timed walk test'>!»4142, a 40-foot timed walk test'®, a 1-min walk test’ or a 4-m walk test*. Evidence
suggests that while their results are highly correlated with longer walking tests, short walking tests overestimate
gait speed compared to longer walking tests such as the SMWT*, and the correlation between the two types of
tests is much lower in healthy middle-aged adults™. We tried to verify this hypothesis by comparing the results
of the first minute of the S MWTT (essentially a 1-min walk test) and the average speed during the full six minutes.
Our results confirm that this heterogeneity in walking tests could be a cause for conflicting results; while our
final, adjusted model, showed a significant link between CRP and gait speed in females when taking the full test
results, the link only bordered significance when using results from the first minute of the test. Another possible
source of conflict is heterogeneity in gait measurement protocols; while some past studies asked participants to
walk at their usual pace (e.g.*"*?), others asked them to go as fast as they can (e.g.>'®).

Aside from allowing gait speed measurement, the 6MWTT tests for physical and aerobic endurance®*~!, and
is more ecologically valid, as it resembles walking in real-life situations?’. Age related deterioration in physical

23,51
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capacity in middle age is often not as accentuated as in older age, and a short walking test in usual pace might
not be strenuous enough to identify a small decline in gait speed among healthy middle-aged adults. While the
advantages of short walking tests in the clinical setting are clear, we recommend that to examine age-related
gait speed decline in midlife in future studies, longer walking tests be used, and participants be asked to walk
as fast as they can.

There are several limitations to our study. Due to the cross-sectional design, no causal relations could be
inferred between inflammatory markers and gait speed decline. This is especially relevant because it is yet
unclear if low-grade systemic inflammation indeed causes age related functional decline, or is simply a marker
of it. Moreover, our cohort of community-residing middle-aged Muslim-Arabs was homogenous in religion
and culture. While advantageous in sense of limiting covariates variability, due to similar ways of life, diet, and
health behaviours, this could limit the ability to generalize this study’s findings. In future studies, a comparison
between different populations could help assert the generalizability of our results. Furthermore, chronic non-
communicable disease prevalence and medications were collected by self-report in our study; this bears some
inaccuracy, as medications could affect several covariates included in our analyses. Finally, although we adjusted
for gender, socioeconomic status and BMI, various confounders we could not account for could impact the
reliability of our results.

We recommend future studies to be conducted using longitudinal settings of 5-10 years to follow-up, to help
assess the directionality of the relationship between inflammation and physical capacity. We also suggest studies
to measure a wider array of inflammation markers, as they could serve a variety of roles in inflammation-related
physical capacity decline.

Conclusion

In conclusion, serum CRP, but not fibrinogen levels are associated with decreased gait speed in middle-aged
females, when adjusting for age, height, BMI, cardiometabolic risk factors, executive function, smoking and
aerobic physical activity. Understanding the influence of inflammation on gait speed may help improve early
identification, intervention, and prevention of mobility decline, and consequently promote healthy aging.

Data availability
The datasets used and analyzed in this study are available from the corresponding author upon reasonable
request.
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