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Abstract

Background: Whereas the independent effects of biomarkers, including 25-hydroxy vitamin D (25(OH)D), insulin-like growth factor 1,
C-reactive protein, and interleukin 6 (IL-6), on gait speed in older adults have been evaluated, their joint effects on gait speed are not well
understood.

Methods: Study subjects aged at least 65 at baseline (N = 970) were enrolled in the population-based Invecchiare in Chianti (InCHIANTTI)
study from 1998 to 2000 and were followed up at 3 and 6 years. All above biomarkers and gait speed data were measured at each of the
three time points. Using a generalized estimating equation approach, we determined if slow gait speed (<0.8 m/s) was associated with the
biomarkers. Further investigation was conducted for interactions between high IL-6 (>.87 pg/mL) and other biomarkers focusing on low
25(OH)D (<20 ng/mL).

Results: After controlling for other biomarkers and potential confounders, IL-6 emerged as the only biomarker independently associated with
gait speed. The association between high IL-6 and slow gait speed was enhanced by low 25(OH)D, with significant interaction between high
IL-6 and low 25(OH)D (p = .038). The odds ratio of slow gait speed for low 25(OH)D and high IL-6 was 1.63 (95% confidence interval [CI]:
1.15, 2.32) compared with the reference groups with both biomarker levels at the other ends.

Conclusion: The association of low vitamin D with slow gait speed statistically interacts with high IL-6. Coexisting vitamin D insufficiency
and inflammation may provide a better biomarker for identifying those at risk of developing impairments in gait speed than either factor alone.

Keywords: Gait Speed, IL-6, Vitamin D, Interaction.

Vitamin D may play a role in older patients’ mobility (1,2) and slow
gait speed, a major component of frailty. Systematic reviews have
shown a positive association between vitamin D and walking speed
in older adults (3). Potential mechanisms include aging-related cel-
lular processes influenced by vitamin D such as mitochondrial dys-
function, epigenetic and DNA changes, and calcium and reactive
oxygen signaling alterations (4). In a similar fashion, low insulin-like
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growth factor 1 (IGF-1), the hormone involved in muscle mass and
strength, may also contribute to frailty (5) and incident disability (6).

Whereas vitamin D and IGF-1 are positively associated with mo-
bility, inflammation has been shown to be inversely associated with
muscle mass, strength, and function including gait speed (7). For
example, short-term hospitalized geriatric patients with persistent
inflammation (C-reactive protein [CRP] levels 210 mg/L) showed
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no improvement in handgrip strength 1 week following admission
compared with those whose inflammation resolved (8). With aging,
IGF-1 declines and inflammation increases (9), potentially contrib-
uting to a high prevalence of cardiovascular diseases and morbidity
among older adults.

Vitamin D and inflammation are intricately associated, with in-
flammation contributing to diminished vitamin D levels, whereas
vitamin D deficiency is associated with chronic inflammation
(10,11). In our previous study from the National Health and
Nutrition Examination Survey, vitamin D and CRP showed joint ef-
fects on slow gait speed in adults more than 50 years of age (12). In
addition, in a study of older women, low IGF-1 levels were shown to
have positive synergism with high interleukin 6 (IL-6) in association
with subsequent disability and mortality (13).

Mobility disability (including slow gait speed) has multifactorial
causes and targeting only one among multiple factors is unlikely to
yield significant effects (14). Previous studies have examined the con-
current associations of multiple endocrine (15) or inflammatory (16)
factors, either separately or in combination (17-19) with mobility
disability, frailty, and mortality in various cohorts. Even though mul-
tiple factors were studied simultaneously, the earlier studies analyzed
only additive effects of different factors on aging-related outcomes.
Whereas one report assessed how the interaction between pairs of
endocrine and inflammatory markers affects disability in older women
(13), to date no published study has evaluated how the association
between vitamin D and gait speed is affected by the presence of high
IL-6, a marker of inflammation. To that end, the primary objective
of this study was to assess the joint effects of high IL-6 and other
biomarkers focusing on low vitamin D on the likelihood of slow gait
speed in older adults over 6 years.

Methods

Participants and Data Collection

Study participants were enrolled in Invecchiare in Chianti, aging in
the Chianti area (InCHIANTI), a prospective observational cohort
study conducted in Greve in Chianti and Bagno a Ripoli (Tuscany,
Italy). Details of the study were described elsewhere (20). Briefly,
participants were recruited from 1998 to 2000 using multistage sam-
pling methods. The study recruited 1,453 community-dwelling parti-
cipants (640 men and 813 women) aged 20-102 years. Participants
who had gait speed data available and aged at least 65 at baseline
were included in the analysis. Interviews were conducted at home
followed by blood sample collection within 3 weeks. Structured
medical examination then followed within 2 weeks. Participants
were revisited and the data were repeatedly collected 3 and 6 years
after baseline.

Measurements

Gait speed, the dependent variable, was assessed using a 4-m walk at
every visit. Participants were instructed to walk at their usual pace,
with or without a cane or a walker. The cutoff for slow gait speed
was less than 0.8 m/s (21). Blood samples were collected at baseline,
and again at the 3- and 6-year follow-up visits.

25-Hydroxy Vitamin D

Baseline serum 25-hydroxy vitamin D (25(OH)D) was measured
with radioimmunoassay (DiaSorin, Stillwater, MN). An enzyme im-
munoassay (OCTEIA 25-hydroxy vitamin D kit; Immunodiagnostic
Systems, Inc., Fountain Hills, AZ) was used to measure serum

25(OH)D at 3-year and 6-year visits. Per recommendations by the
Institute of Medicine, vitamin D insufficiency was considered to be
less than 20 ng/mL (22). According to the report, sufficient level of
30 ng/mL is overestimated and should be revised (23).

Interleukin 6

Baseline serum IL-6 was measured in duplicate ultra-sensitive
ELISA (CytoScreen Human IL-6; BioSource International Inc.,
Camarillo, CA). A regression equation was applied to derive IL-6
sandwich ELISA results. Plasma IL-6 at the follow-ups was meas-
ured by a solid-phase high-sensitivity quantitative sandwich ELISA
(Quantikine HS Human IL-6 Immunoassay; R&D Systems Inc.,
Minneapolis, MN).

C-Reactive Protein

Immunonephelometric assay and monoclonal antibodies to CRP
were used to measure high-sensitivity CRP levels in duplicate with
the Dade Behring BN II Nephelometer (Dade Behring Inc., Deerfield,
IL). Plasma was used for baseline and 3-year visit and serum was
used for 6-year visit. The cutoff for high CRP was 3 mg/L (24).

Insulin-Like Growth Factor 1

Serum total IGF-1 levels were measured in duplicate with
immunoradiometric assays (Diagnostic Systems Laboratories,
Webster, TX). We used the median value of participants aged
65 years or older at baseline as the cutoff for high IL-6 and low
IGF-1 (2.87 pg/mL and 112 ng/mL, respectively).

Statistical Analysis

We summarized baseline characteristics overall and by subgroup
with or without slow gait speed. Between-group comparisons at
baseline were conducted using an independent two-sample ¢ test for
continuous variables and a chi-squared test for categorical variables.
Using generalized estimating equation approach with an unspeci-
fied correlation structure, that is, empirically estimated, we associ-
ated slow gait speed and the biomarkers individually and jointly,
low 25(OH)D, high CRP, high IL-6, and low IGF-1 where the visit
time was modeled by two dummy variables for the effects of 3-year
and 6-year visits compared with baseline. An empirically estimated
correlation matrix allowed us to use all the available time points
and borrow information from other subjects for missing time points
to help handle selection bias from attrition. Both unadjusted and
adjusted models were fitted. In adjusted models, we included sex,
age, site, any education completed, body mass index, physical ac-
tivity, daily vitamin D intake (pg), and disease confounders as listed
in Table 1. The disease diagnosis was determined by self-reported
medical history and medication use.

High I1L-6 was the only statistically significant biomarker
after adjusting for other biomarkers and potential confounders.
Furthermore, the interactions between high IL-6 and low 25(OH)
D or low IGF-1 were investigated in the framework of generalized
estimating equation adjusted for potential confounders. For sensi-
tivity analysis, we relaxed the assumption of missing completely at
random to missing at random and imputed data using fully condi-
tional specification multiple imputation method. We set the number
of burn-in iterations to 20 and generated 10 imputed data sets,
where the regression coefficient estimates were pooled across data
sets and converted to odds ratios. All statistical analyses were per-
formed in SAS. A p value smaller than .05 was considered statistic-
ally significant.
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Results

Of 1,155 participants aged 65 or older at baseline, 970 participants
(84%) had gait speed data available. The sample size was 713 at
3-year visit and 600 at 6-year visit. Of them, 97 participants died be-
tween baseline and 3-year visit and another 65 died between 3-year
and 6-year visits. Baseline characteristics of subjects are summarized
in Table 1, overall and by subgroup with or without slow gait speed
(<0.8 m/s). At baseline, a total of 217 participants (22%) had slow
gait speed. Participants with slow gait speed were more likely to have
low 25(OH)D (<20 ng/mL), low IGF-1 (<112 ng/mL), high CRP
(23 mg/L), and high IL-6 (>2.87 pg/mL) than participants without
slow gait speed. The prevalence of vitamin D insufficiency at base-
line in the entire sample was 63%. Compared with those without
slow gait speed, participants with slow gait speed at baseline were
older and less physically active and had a higher body mass index,
lower daily vitamin D intake, and a higher prevalence of diseases
including peripheral arterial disease, stroke or transient ischemic at-
tack, diabetes, and congestive heart failure. In addition, slow gait
speed at baseline was more prevalent among females and those with
no education.

Low 25(OH)D, high CRP, high IL-6, and low IGF-1 levels were
each associated with slow gait speed (p <.0001) without adjustment
for other biomarkers (data not shown in the table). Table 2 pres-
ents the results from unadjusted and adjusted models including all
four measures. In the unadjusted model, with the exception of CRP,
each of the biomarkers was significantly (p <.0001) associated with

slow gait speed. In the adjusted model, high IL-6 was the only bio-
marker that remained significant (p = .023). The risk of slow gait
speed was higher at 3 years and 6 years than baseline. Prevalence
of slow gait speed was 25.8% and 28.3% at 3-year and 6-year
follow-up visits, respectively. In addition, there was no interaction
between any biomarker and visit time and they were not included
in the model.

The interactions between IL-6 and vitamin D or IGF-1 were fur-
ther investigated. Both interaction terms (low 25(OH)D x high IL-6
and low IGF-1 x high IL-6) were statistically significant (p = .038
and .022, respectively). Table 3 shows the joint effects of high IL-6
and low 25(OH)D or low IGF-1 with adjustment for visit time and
potential confounders. Participants who had both low 25(OH)D
and high IL-6 levels had the highest odds ratio (OR) of slow gait
speed (OR [95% confidence interval] = 1.63 [1.15,2.32]) compared
with the participants who had normal 25(OH)D and low IL-6 levels
(reference group). The odds ratios associated with the groups of

Table 2. Odds ratios (ORs) of slow gait speed?® associated with low
25(0OH)DP, high IL-6¢, high CRP4, and low IGF-1¢ without and with
adjustment for potential confounders’

Unadjusted Adjusted

Variables of
interest OR (95% CI) » OR (95% CI)  p
Low 25(OH)D 1.83 (1.50,2.23) <.0001 1.15(0.87,1.51) .32
High IL-6 1.69 (1.39,2.04) <.0001 1.35(1.04,1.74) .023
High CRP 1.15(0.93,1.42) .19  1.10(0.82,1.46) .52
Low IGF-1 1.68 (1.39,2.03) <.0001 1.25(0.96,1.62) .10
Follow-up#

3-year 2.02 (1.67,2.45) <.0001 1.59 (1.20,2.12) .002

6-year 1.82 (1.50,2.22) <.0001 1.30(0.97,1.74) .08

Table 1. Baseline Characteristics of Subjects Aged at Least 65
Years
Slow gait speed®

Overall With Without

(N = 970) (n=217)  (n=753) p
Gait speed (m/s) 0.98 (0.29) 0.58(0.17) 1.09 (0.19) <.0001
Slow gait speed  217/970 (22.4) n/a n/a n/a
Low 25(OH)D®*  587/930 (63.1) 167 (81.5) 420 (57.9) <.0001
High IL-6¢ 487/959 (50.8) 150 (70.8) 337 (45.1) <.0001
Low IGF-1¢ 476/940 (50.6) 138 (65.4) 338 (46.4) <.0001
High CRP¢ 434/960 (45.2) 115 (54.0) 319 (42.7) .004
Age (years) 74.6 (7.1)  80. 7( S) 72.8(5.9) <0001
Male gender 430/970 (44.3) 0(27.7) 370 (49.1) <.0001
Body mass index 27.5 (4.1) 28 1(4.8) 27.3 (3.9) .03
(kg/m?)
Greve site 450/970 (46.4) 108 (49.8) 342 (45.4) 26
No education 2771970 (28.6) 107 (49.3) 170 (22.6) <.0001
Diabetes mellitus 130/970 (13.4) 1(18.9) 9(11.8) .02
PAD 172/970 (17.7) 2 (28.6) 110 (14.6) <.0001
Angina pectoris 85/970 (8.8) 3(15.2) 2 (6.9) <.0001
Heart failure  238/970 (24.5) 4(38.7) 154 (20.5) <0001
Stroke or TIA 71/970 (7.3) 5(16.1) 6 (4.8) <.0001
COPD 111/970 (11.4) 7 (12.4) 4(112) .87
Physical activity' 368/966 (38.1) 3(10.7) 345 (46.0) <0001
Daily vitamin D 1.83 (0.85) 1. 67 (0.72)  1.88(0.88) .0006

intake (pg)

Note: Categorical variables summarized by frequencies (percentages) and
tested by chi-squared test., continuous variables by means (standard devi-
ations) and tested by two-sample ¢ test. COPD = Chronic obstructive pul-
monary disease; PAD = Peripheral arterial disease; TIA = Stroke or transient
ischemic attack.

2<0.8 m/s; *<20 ng/mL; <>2.87 pg/mL; ‘<112 ng/mL; >3 mg/L; ‘Light exer-
cise >4 h/wk or moderate exercise >1 h/wk in the last year.

Note: CI = Confidence interval; CRP = C-reactive protein; IGF-1 = Insulin-
like growth factor 1; 25(OH)D = 25-hydroxy vitamin D; IL-6 = Interleukin 6.

sbed<Time-dependent variables.

2<0.8 m/s; "<20 ng/mL; ©>2.87 pg/mL; >3 mg/L; <112 ng/mL; ‘Including
demographic covariates, diseases, physical activity, daily vitamin D intake (pg),
and body mass index; #Visit time (reference = baseline visit).

Table 3. Odds ratios (ORs) of slow gait speed?® associated with the
groups of low 25(0OH)D® (yes vs. no) and high IL-6° (yes vs. no) in
Model 1 and low IGF-1¢ (yes vs. no) and high IL-6 (yes vs. no) in
Model 2 adjusted for potential confounders®

Model 1: Joint effects of low Model 2: Joint effects of low IGF-1

25(OH)D (yes vs. no) and high (yes vs. no) and high IL-6 (yes vs.
IL-6 (yes vs. no) no)
Group OR (95% CI) P Group  OR (95% CI) P
Yes, Yes 1.63 (1.15,2.32) .006 Yes, Yes 1.65(1.19,2.29) .003
No, Yes 1.12 (0.80,1.56) .50 No, Yes 1.07 (0.75,1.53) .72
Yes, No 0.89 (0.60, 1.30) .54 Yes, No 0.91 (0.65,1.27) .57
No, No Reference group No, No Reference group
Follow-upf Follow-upf
3-year  1.59(1.20,2.12) .001 3-year 1.51(1.18,1.93) .001
6-year  1.32(0.99,1.77) .06 6-year 1.28 (0.97,1.69) .08

Note: CI = Confidence interval; CRP = C-reactive protein; IGF-1 = Insulin-
like growth factor 1; 25(OH)D = 25-hydroxy vitamin Dj; IL-6 = Interleukin 6.

sb<dTime-dependent variables.

2<0.8 m/s; <20 ng/mL; <>2.87 pg/mL; ‘<112 ng/mL; “Including demographic
covariates, diseases, physical activity, daily vitamin D intake (pg; model 1), and
body mass index; Visit time (reference = baseline visit).



1164

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 6

normal 25(OH)D and high IL-6 and low 25(OH)D and low IL-6 did
not reach statistical significance. Similar findings were observed for
low IGF-1 and high IL-6. Of note, none of the interactions between
pairs of biomarkers and visit time was statistically significant and
they were not included in the model. The results implied that the
joint effects of 25(OH)D and IL-6 and IGF-1 and IL-6 did not sig-
nificantly change with time as demonstrated in Figure 1. To evaluate
the missing completely at random assumption, we applied the mul-
tiple imputation methods and found the joint effect results remained
similar. We also performed analyses with gait speed as a continuous
variable and the joint effects of low 25(OH)D and high IL-6 and low
IGF-1 and high IL-6 remained significant. In addition, we performed
sensitivity analyses using baseline gait speed as a covariate; although
this resulted in one-third reduction of the sample size, the joint ef-
fect of low 25(OH)D and high IL-6 on slow gait speed remained
significant. The joint effect of low IGF-1 and high IL-6, however,
became insignificant likely due to a smaller sample size from the re-
moval of the baseline data. Moreover, the interaction between low
IGF-1 and high IL-6 was significant at baseline but not at 3 years and
6 years. Finally, we repeated analyses using the cutoff 30 ng/mL for
low 25(OH)D and the findings were consistent.

Discussion

Various studies have shown association of vitamin D, IGF-1, inflam-
matory markers (IL-6 and CRP) with mobility outcomes (1,3,5-
7,25,26) but evidence on statistical interactions between these

Baseline OR Cl
Low 25(OH)D and high IL-6 170 0.84-343 T
High 25(OH)D and high IL-6 112  0.49-2.55 ———
Low 25(OH)D and low IL-6 0.88 042-1.86 -—=—

3 Years
Low 25(OH)D and high IL-6 187 0.91-3.85 —

High 25(0OH)D and high IL-6 ~ 1.22

Low 25(OH)D and low IL-6 1.06
6 Years

Low 25(OH)D and high IL-6 2.42

High 25(0OH)D and high IL-6 ~ 1.29

Low 25(OH)D and low IL-6 1.06

0.73-2.04 =
0.52-2.17 -

1.20-4.92
0.62-2.68 T
0.49-2.32 ——

Baseline
Low IGF-1 and high IL-6 213 1.19-3.81 —
High IGF-1 and high IL-6 093 049-1.76 -
Low IGF-1 and low IL-6 0.73  0.38-1.41 -
3 Years
Low IGF-1 and high IL-6 143  0.80-2.57 T
High IGF-1 and high IL-6 1.08  0.58-2.00 -
Low IGF-1 and low IL-6 0.87 0.49-1.56 -
6 Years
Low IGF-1 and high IL-6 266 1.25-564 ——
High IGF-1 and high IL-6 2.01 0.92-4.43 -
Low IGF-1 and low IL-6 168 0.75-3.73 ,_——-—
FITT T T T 11711
051525354555
OR

Figure 1. Odds ratios of slow gait speed?® associated with groups of low
25-hydroxy vitamin D (25(OH)D)® (yes vs. no) and high interleukin 6 (IL-6)°
(yes vs. no) in Model 1 and low insulin-like growth factor 1 (IGF-1)¢ (yes vs.
no) and high IL-6 (yes vs. no) in Model 2 at each time point; baseline, 3 years,
and 6 years by cross-sectional logistic regression models with adjustment
for potential confounders®. %<0.8 m/s, <20 ng/mL, ©>2.87 pg/mL, <112 ng/
mL,°ncluding demographic covariates, diseases, physical activity, daily
vitamin D intake (ug; model 1) and body mass index.

markers is scarce (13). Studying incident changes in older adults
in the InCHIANTI cohort over three measurement time-points in
6 years of follow-up, we found that only IL-6 was independently
associated with gait speed overall, accounting for the other three
measures. We also found statistical interactions between low vitamin
D and high IL-6 and between low IGF-1 and high IL-6 on slow gait
speed. The effect of vitamin D insufficiency was insignificant unless
paired with high IL-6 considering whether there is a presence of in-
flammation (high IL-6). This raises the concerns that inflammation
may be a factor that needs consideration because it can affect how
vitamin D works in a clinical setting.

Low vitamin D levels and inflammation frequently coexist. In a
cross-sectional study in older adults from InCHIANTI, inverse as-
sociation between 25(OH)D and IL-6 levels was recently reported
(27), suggesting a potential anti-inflammatory role of vitamin
D. Underlying mechanisms may involve downregulation of pro-
inflammatory transcription factor kappa B activation by vitamin D
(28).

The results support previous studies’ findings that showed in-
dependent association of vitamin D with physical performance
including gait speed both from cross-sectional (25) and longitu-
dinal studies (26) as well as the association of inflammatory markers
including IL-6 with mobility (7,16). This study also showed con-
sistent results with previous study reporting synergism of IGF-1 and
IL-6 on mobility disability in white older females (13). In addition,
inflammatory markers were reported to be associated with longitu-
dinal changes in brain function in older adults (29). Such findings
may indicate the linkage of inflammation with cognitive changes,
which could affect mobility including gait speed.

Several studies have shown positive association of vitamin D
with physical performance and strengths (3,25). Nutritional supple-
mentation with protein and vitamin D in addition to physical ac-
tivity improved muscle composition in mobility-limited older adults
with vitamin D insufficiency (30). Recent meta-analysis showed re-
duction in injurious falls with calcium and vitamin D supplemen-
tation together with other interventions (31). However, conflicting
results were also reported. Interventions to improve vitamin D status
such as vitamin D supplementation did not improve mobility-related
clinical outcomes such as gait speed (32), frailty (33), falls (34), bone
turnover (35), or fractures (36). The Institute of Medicine reported
minimal effects of vitamin D on falls (22,23). Such inconsistent re-
sults may be from studies that supplements were given to partici-
pants who were not truly deficient (37). Another explanation may
also involve factors that interact with vitamin D, and hence, affect
the final outcome. 25(OH)D was shown to inversely associate with
IL-6 in the elderly individuals (27). Risk for type 2 diabetes of low
25(OH)D was suggested to be partially mediated by inflammation
(38). Glycemic control can be affected by vitamin D insufficiency
in the elderly individuals (39). This study raises the possibility that
inflammation may influence how vitamin D and IGF-1 affect gait
speed and thus intervention without consideration of coexisting in-
flammation might prove less satisfactory. As shown in Table 3, par-
ticipants with vitamin D insufficiency or low IGF-1 without high
IL-6 did not have an increasing odds ratio of slow gait speed com-
pared with the reference group. Targeting subjects with vitamin D
insufficiency or low IGF-1 and coexisting inflammation may better
improve aging-related outcomes and yield better results in future
clinical trials, at least from gait speed standpoint as shown in this
study. Moreover, our findings provide a conceptual framework to
advocate multicomponent strategies targeting both pathways that
may offer joint benefits in terms of improved gait speed.
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Although high CRP was individually associated with slow gait
speed, the association between high CRP and slow gait speed was insig-
nificant when other biomarkers were accounted for as shown in Table
2. This is likely from the overlapping effects with IL-6 and thus the ef-
fects were offset by IL-6 when both CRP and IL-6 were included.

Strengths of our study include the longitudinal nature of the
study including a large sample of older adults. Because the popula-
tion in the study is ambulatory and community-dwelling, the know-
ledge obtained would apply very well to help with healthy aging
before older adults become more frail or even disabled and inter-
vention might be too late to obtain meaningful results. In addition,
not only gait speed but also the biomarkers were repeatedly meas-
ured, which allows us to establish associations with enhanced power
through the use of a time course data. However, there are several
limitations. First, there is a lack of racial diversity in this cohort. The
study population was Caucasian from two small towns in the coun-
tryside of Italy. Therefore, generalization to multiracial populations
requires careful consideration. Second, adjustment of confounders
in vitamin D analyses was limited. There are no data on the amount
of time spent outside although the subjects in this homogeneous
cohort spend most of their time outside. Another limitation came
from inconsistency of biomarker measurements at different visits.
Measurement methods were different at baseline and subsequent
visits for IL-6 and 25(OH)D and different types of samples (serum
vs. plasma) were used for IL-6 and CRP. The measurement method
and sample type, however, were consistent across samples at a par-
ticular visit. The batch effect from one visit to another was mod-
eled via 3-year and 6-year visits versus baseline. Although we have
found the differences between visits in the risk of slow gait speed, the
driving force was a combination of time, measurement methods, and
sample types. Furthermore, results of the study cannot make mech-
anistic claims in terms of potential causation of the markers studied.
These interactions could arise if IL-6 is a downstream marker of
vitamin D and IGF-1 and the power of the study is limited to fur-
ther clarify this. Finally, it is also possible that the anti-aging protein,
Klotho, which may play a role in vitamin D metabolism (40), may
interact with IL-6 and/or IGF-1, impacting the likelihood of slow
gait speed. We intend to explore the role of Klotho in future work.

Another aspect that deserves attention is the clinical implica-
tion of the finding of no statistical significance of low vitamin D in
subjects with low IL-6, which raises the concerns that the cutoff level
to determine vitamin D insufficiency might vary with inflammation
status, for example, a higher cutoff for patients with inflammation
reflected by high IL-6 in this study or vice versa. This will require
further investigation.

Conclusion

Although our results need to be replicated in other data sets, the
interaction of low vitamin D and high IL-6 with slow gait speed
found in this study suggests that the coexistence of both factors in
ambulatory older adults may indicate an augmented risk of having
slow gait speed than having either individual factor alone.
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