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Abstract22 

Background: Degenerative cervical myelopathy (DCM) is often recognized late. Grip strength 23 

and usual walking pace are simple motor-functional measures, but their associations with 24 

hospital-record-defined DCM endpoint layers and their incremental risk-enrichment value 25 

remain uncertain. 26 

Methods: We studied 501,936 UK Biobank participants with linked hospital records. The 27 

primary endpoint was hospital-record-defined incident DCM; primary-position incident DCM 28 

and diagnosis-procedure-paired surgically treated DCM were supportive layers. Cox models 29 

assessed grip strength and walking pace. Post hoc sensitivity analyses excluded the first 2 and 5 30 

years of follow-up and adjusted for available smoking status. Prediction analyses compared a 31 

base clinical model with models augmented by grip strength, walking pace, or both markers. 32 

Results: Among 501,936 participants, 978 incident DCM, 639 primary-position DCM, and 552 33 

surgically treated DCM events occurred. In 494,527 complete cases, grip strength per 5 kg and 34 

walking pace per category were inversely associated with incident DCM (HR 0.845, 95% CI 35 

0.810-0.881; and HR 0.824, 95% CI 0.785-0.866). Associations remained directionally 36 

consistent after excluding the first 2 and 5 years; after the 5-year lag, HRs were 0.870 and 0.830. 37 

The combined model improved validation Harrell's C-index from 0.6280 to 0.6560 and 10-year 38 

AUC from 0.6272 to 0.6548, but calibration indicated underprediction and decision-curve benefit 39 

was limited to thresholds 0.001-0.003. 40 
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Conclusions: Grip strength and usual walking pace were associated with hospital-record-defined 41 

incident DCM in UK Biobank. These markers support modest risk enrichment and earlier 42 

clinical suspicion under low-threshold evaluation contexts, but not stand-alone screening, triage, 43 

or replacement of neurological examination and imaging. 44 

Keywords: degenerative cervical myelopathy; grip strength; walking pace; hospital records; risk 45 

markers; UK Biobank; cohort study 46 

Introduction47 

Degenerative cervical myelopathy (DCM) is the most common cause of chronic spinal cord 48 

dysfunction in adults and encompasses age-related degenerative narrowing of the cervical canal 49 

with secondary spinal cord compromise. [1-13] Across primary care, neurology, rehabilitation, 50 

and spine practice, patients frequently present with a mixture of hand clumsiness, gait 51 

disturbance, balance change, sensory symptoms, and long-tract signs rather than with an 52 

immediately recognized label of myelopathy. [3-7, 9-14] This diagnostic ambiguity matters 53 

because delayed recognition may allow additional disability to accumulate before spine-directed 54 

evaluation is undertaken. [3, 5-7, 12, 13] 55 

That clinical problem motivates interest in simple measures of motor reserve. Grip strength and 56 

usual walking pace are attractive because they are inexpensive, widely available, easy to 57 

interpret, and closely aligned with the functional domains most commonly impaired in DCM. 58 

[15-24] Grip strength has broad prognostic value in aging populations, [17, 23, 24] and gait 59 

speed or pace is similarly linked to function and survival. [15, 22] In DCM specifically, hand 60 

dexterity and gait disturbance are not peripheral features; they are central manifestations of cord 61 

dysfunction and are repeatedly used to characterize severity, recovery, and outcome. [9-11, 14-62 

16, 18-21, 25] 63 
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Prior population-based work has linked grip strength and walking pace to incident DCM. [26] In 64 

contrast to a single-endpoint association analysis, the present study evaluated whether the same 65 

markers remain informative in a primary-position endpoint, a surgically treated secondary 66 

endpoint, a contextual diagnosis-to-surgery capture layer, and a utility-oriented framework 67 

beyond a parsimonious clinical baseline model. 68 

We therefore hypothesized that grip strength and usual walking pace would retain independent 69 

associations across these clinically ordered endpoint layers and would contribute modest 70 

incremental value beyond a simple baseline clinical model. 71 

Methods72 

Study design and data source73 

We conducted a population-based prospective cohort study within UK Biobank, a large 74 

volunteer cohort with linked hospital follow-up data. [27] The manuscript follows STROBE 75 

guidance for observational studies and uses the TRIPOD framework for its prediction 76 

component. [28, 29] All analyses were performed on participant-level analytic files derived 77 

within the UK Biobank Research Analysis Platform. 78 

Baseline demographic and clinical variables were derived from the participant-level dataset. 79 

Endpoint reconstruction was based on linked hospital diagnosis and procedure records. These 80 

endpoints should therefore be interpreted as hospital-record-defined endpoints rather than 81 

clinically adjudicated DCM diagnoses. The analytic workflow separated baseline covariate 82 

extraction from record-level endpoint reconstruction and then harmonized the resulting 83 

participant-level files into a unified time-to-event framework. 84 

Endpoint reconstruction and prespecified hierarchy85 
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The primary endpoint was hospital-record-defined incident DCM using a diagnosis in any 86 

hospital coding position after baseline. The primary-position sensitivity endpoint was hospital-87 

record-defined incident DCM restricted to a primary-position diagnosis. The key secondary 88 

endpoint was diagnosis-procedure-paired surgically treated DCM, defined by DCM diagnosis 89 

and qualifying cervical procedure codes within a prespecified operative window. The diagnosis-90 

to-surgery capture layer among participants with incident DCM was retained as a contextual 91 

analysis rather than as evidence of true clinical progression. 92 

Detailed ICD-10 and OPCS-4 code lists, record-level reconstruction rules, operative windows, 93 

and endpoint counts are reported in Supplementary Table S1 (Additional file 1). The main 94 

diagnosis-procedure pairing window was -30 to +180 days, and the strict sensitivity window was 95 

0 to +90 days. Because MRI findings, modified Japanese Orthopaedic Association scores, 96 

neurological examination findings, and clinical adjudication were unavailable, the coding 97 

hierarchy was used to improve specificity but not to claim adjudicated clinical diagnosis. Early 98 

feasibility work showed that a surgery-only primary endpoint would materially reduce the event 99 

base, so hospital-record-defined incident DCM was retained as the disease-occurrence endpoint 100 

and surgically treated DCM was positioned as a clinically consequential secondary layer. [21, 26, 101 

30-33] 102 

Predictors and covariates103 

The two focal predictors were grip strength and usual walking pace. Grip strength was modeled 104 

per 5-kg increment using the available maximal grip value. Walking pace was modeled per 105 

category using the harmonized walking-pace variable available in the analytic dataset. The final 106 

baseline clinical model included age, sex, body mass index (BMI), waist circumference, alcohol 107 

intake, diabetes, and hypertension. 108 
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These covariates were retained because they were clinically plausible, highly complete, and 109 

stable across the common analytic cohort. Broader candidate variables, completeness profiles, 110 

and reasons for retention or exclusion are summarized in Supplementary Table S2 (Additional 111 

file 1). Frailty index was not included in the final model. We additionally fitted an available-112 

smoking sensitivity model using baseline smoking status coded as never, previous, or current. 113 

Physical activity and socioeconomic deprivation were not available in the audited analytic 114 

variable set used for this analysis; rather than adding an incompletely audited post hoc covariate 115 

layer, we treated these factors as residual-confounding limitations. Additional endpoint and 116 

covariate-completeness summaries are shown in Supplementary Tables S1-S2 (Additional file 1) 117 

and Supplementary Figures S1-S2 (Additional file 2). The accelerometer and body-composition 118 

enhancement-boundary summary is provided in Supplementary Table S3 (Additional file 1), 119 

with corresponding visual summaries in Supplementary Figures S3-S4 (Additional file 2). 120 

Association analyses121 

We fitted Cox proportional hazards models for the primary endpoint, the primary-position 122 

sensitivity endpoint, the surgically treated DCM endpoint, and the contextual diagnosis-to-123 

surgery capture analysis. Model 1 included age and sex. Model 2 additionally included BMI, 124 

waist circumference, alcohol intake, diabetes, and hypertension. Model 3 was the fully adjusted 125 

model and additionally included grip strength and usual walking pace. 126 

For each endpoint, the corresponding association model used the endpoint-specific complete-127 

case sample for the variables included in that model. No multiple imputation was performed. 128 

This approach was considered acceptable because missingness was minimal for the retained 129 

variables, and the fully adjusted primary-endpoint model retained 494,527 participants with 944 130 
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events. Proportional hazards assumptions were evaluated using scaled Schoenfeld residuals and 131 

standard diagnostic plots. [34] 132 

To address potential reverse causality from undiagnosed or subclinical DCM at baseline, we 133 

added lagged sensitivity analyses for the primary endpoint that excluded participants with 134 

endpoint occurrence or loss from observation within the first 2 and 5 years after baseline and re-135 

anchored follow-up at the corresponding landmark among participants still under observation. 136 

The same fully adjusted covariate set was used. We also added an available-smoking sensitivity 137 

model for the primary endpoint, with smoking entered as an ordinal baseline variable among 138 

participants coded as never, previous, or current smokers. These sensitivity analyses are 139 

presented as supportive analyses rather than as new primary analyses. 140 

Prediction analyses141 

Prediction analyses were anchored to incident DCM under the any-position definition. To avoid 142 

denominator drift across candidate models, we prespecified a single common complete-case 143 

prediction cohort formed by requiring nonmissing values for all variables used across the 144 

compared models. This yielded 494,527 participants with 944 primary endpoint events. The 145 

cohort was randomly split 70:30 into derivation (346,168 participants; 660 events) and validation 146 

(148,359 participants; 284 events). 147 

We compared four prespecified models: (1) base clinical model; (2) base plus grip strength; (3) 148 

base plus usual walking pace; and (4) base plus both markers. Supportive utility checks were 149 

performed for the combined model using the primary-position DCM endpoint and the surgically 150 

treated DCM endpoint. 151 

Discrimination, calibration, and decision analysis152 
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Discrimination was summarized with Harrell's C-index and validation 10-year AUC. [35, 36] 153 

Before calculating validation discrimination, the risk-score direction was checked so that higher 154 

model scores corresponded to higher predicted risk. The 10-year AUC was calculated on the 155 

validation set among participants who either experienced the endpoint by 10 years or remained 156 

event-free beyond 10 years; participants censored before 10 years were excluded from that 157 

calculation. 158 

Calibration of the combined model was summarized in the validation cohort using decile-based 159 

calibration, calibration intercept and slope, a weighted observed-to-predicted ratio, and the 160 

maximum absolute decile gap. [37, 38] Observed risk in each decile was estimated from Kaplan–161 

Meier risk at the target horizon. Decision-curve analysis was then used to quantify net benefit 162 

across very low clinically plausible decision thresholds, with the main display focused on the 163 

0.001 to 0.005 range and the effective threshold window reported when model net benefit 164 

exceeded both treat-all and treat-none strategies. [39, 40] 165 

Ethics166 

UK Biobank was approved by the North West Multi-Centre Research Ethics Committee 167 

(11/NW/0382), and all participants provided written informed consent. The present study used 168 

de-identified data within the approved UK Biobank Research Analysis Platform under UK 169 

Biobank Application Number 1162548. The study was conducted in accordance with the 170 

Declaration of Helsinki and relevant UK Biobank governance requirements. 171 

Use of generative AI and AI-assisted technologies 172 

During preparation of the manuscript, ChatGPT (OpenAI) was used only for language editing to 173 

improve readability and fluency. It was not used for data extraction, statistical analysis, result 174 
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generation, or scientific interpretation. The authors reviewed and edited all content and take full 175 

responsibility for the submitted manuscript. 176 

Results177 

Cohort construction and endpoint hierarchy178 

The endpoint-reconstruction cohort comprised 501,936 participants with an available baseline 179 

date. Within this cohort there were 978 hospital-record-defined incident DCM events under the 180 

any-position primary endpoint, 639 incident primary-position DCM events, 552 incident 181 

surgically treated DCM events under the main pairing definition, and 545 under the strict pairing 182 

definition. The participant-level master table therefore preserved disease-occurrence, specificity, 183 

surgery-defined severity, and contextual diagnosis-to-surgery capture layers in a single 184 

hierarchy. 185 

The cohort assembly and hospital-record-defined endpoint hierarchy are summarized in Figure 1.  186 

The common complete-case prediction cohort included 494,527 participants and 944 primary 187 

endpoint events (Table 1). The endpoint-transition representation yielded 974 transitions from no 188 

hospital-record-defined DCM to incident DCM, 548 diagnosis-to-surgery capture transitions 189 

after incident DCM, and only 4 direct no-DCM-to-surgery captures. This pattern supports 190 

interpreting incident DCM as the primary disease-occurrence endpoint and the surgical layer as a 191 

downstream diagnosis-procedure-paired capture layer. 192 

Primary endpoint: hospital-record-defined incident DCM (any-position) 193 

In the fully adjusted model, both grip strength and usual walking pace retained strong 194 

independent associations with hospital-record-defined incident DCM. Grip strength was 195 

associated with a lower hazard of incident DCM per 5-kg increment (HR 0.845, 95% confidence 196 
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interval [CI] 0.810-0.881; P = 2.52e-15). Usual walking pace likewise showed an inverse 197 

association per category increase (HR 0.824, 95% CI 0.785-0.866; P = 7.35e-15) (Table 2; 198 

Figure 2). 199 

These were not fragile estimates from a severely eroded analytic subset. The fully adjusted 200 

primary-endpoint model retained 494,527 participants and 944 events, indicating that the central 201 

association analysis rested on a large and stable denominator. 202 

Lagged sensitivity analyses reduced concern that the signal was driven only by undiagnosed 203 

DCM already present near baseline. After excluding the first 2 years, grip strength (HR 0.860, 204 

95% CI 0.823-0.899; P = 1.63e-11) and usual walking pace (HR 0.828, 95% CI 0.786-0.872; P = 205 

1.34e-12) remained inversely associated with the primary endpoint. After excluding the first 5 206 

years, the associations remained directionally consistent for grip strength (HR 0.870, 95% CI 207 

0.829-0.913; P = 2.03e-08) and usual walking pace (HR 0.830, 95% CI 0.783-0.880; P = 3.17e-208 

10) (Supplementary Table S4 (Additional file 1)). 209 

In the available-smoking sensitivity model, which additionally adjusted for baseline smoking 210 

status among participants coded as never, previous, or current smokers, the primary-endpoint 211 

associations remained similar for grip strength (HR 0.846, 95% CI 0.812-0.883; P = 6.86e-15) 212 

and usual walking pace (HR 0.830, 95% CI 0.790-0.873; P = 3.38e-13) (Supplementary Table S4 213 

(Additional file 1)). 214 

High-specificity sensitivity endpoint: incident DCM (primary-position)215 

The more specific primary-position endpoint produced the same directional pattern. Grip 216 

strength remained independently protective (HR 0.842, 95% CI 0.800-0.887; P = 6.36e-11), as 217 

did usual walking pace (HR 0.832, 95% CI 0.782-0.884; P = 3.27e-09) (Table 2; Figure 3). 218 



11Page 11 

This agreement is important because it argues against the primary signal being driven solely by 219 

the broader any-position coding rule. Instead, it supports the interpretation that the two focal 220 

markers remain informative when the endpoint is stress-tested against a narrower diagnosis 221 

definition. 222 

Secondary endpoint: surgically treated DCM223 

The surgically treated DCM endpoint also retained stable associations for the two focal markers. 224 

Grip strength was associated with a lower hazard of surgically treated DCM (HR 0.858, 95% CI 225 

0.812-0.907; P = 5.71e-08), and usual walking pace again showed a protective association (HR 226 

0.846, 95% CI 0.789-0.907; P = 2.71e-06) (Table 2; Figure 3). 227 

Conceptually, this matters because the same two markers were not restricted to broad disease 228 

occurrence alone. The inverse association extended into a surgically treated endpoint that is 229 

closer to severity and operative disease burden. 230 

Contextual diagnosis-to-surgery capture analysis 231 

The contextual diagnosis-to-surgery capture analysis did not retain stable independent 232 

associations after hospital-record-defined incident DCM had already been captured. Grip 233 

strength yielded an HR of 1.026 (95% CI 0.973-1.083; P = 0.342), and usual walking pace 234 

yielded an HR of 1.058 (95% CI 0.957-1.170; P = 0.268) (Table 2; Figure 3). 235 

We therefore interpret this layer as peri-diagnostic diagnosis-to-surgery capture rather than as 236 

true clinical progression. This interpretation is supported by the median interval of 0 days from 237 

incident DCM coding to surgery coding in the 1-to-2 transition, indicating that many records 238 

likely reflected diagnostic and operative coding around the same care episode. 239 

Prediction performance and incremental utility240 
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In the validation cohort, the base clinical model yielded a Harrell's C-index of 0.6280 and a 10-241 

year AUC of 0.6272. Adding grip strength improved these metrics to 0.6445 and 0.6457, 242 

respectively. Adding usual walking pace improved them to 0.6469 and 0.6430. The combined 243 

model performed best, with a Harrell's C-index of 0.6560 and a 10-year AUC of 0.6548 (Table 3; 244 

Figures 4 and 5). 245 

Relative to the base model, the combined model improved the validation C-index by 0.0280 and 246 

the 10-year AUC by 0.0275. Grip alone and walking pace alone each provided smaller but 247 

directionally concordant gains. We interpret these increments as modest risk-enrichment gains, 248 

not as evidence for an actionable stand-alone prediction tool. 249 

Supportive endpoint checks were directionally consistent. For the combined model, the 250 

validation 10-year AUC was 0.6564 for the primary-position incident DCM endpoint and 0.6380 251 

for the surgically treated DCM endpoint (Table 4). These supportive checks reinforce the 252 

interpretation that the utility signal was not restricted to a single disease definition. 253 

Calibration and decision analysis254 

Calibration of the combined model in validation showed a 10-year calibration intercept of 0.0001 255 

and a calibration slope of 1.3804. The weighted observed-to-predicted ratio was 1.4878, 256 

indicating underprediction on average, although the maximum absolute decile gap remained 257 

small at 0.0009 (Table 4; Figure 6). 258 

Decision-curve analysis showed that the combined model had the broadest positive net-benefit 259 

window, but the gain was concentrated in a narrow very-low-threshold range of approximately 260 

0.001 to 0.003 (Figure 7). Thus, the prediction layer is best interpreted as limited utility 261 

enrichment under very low decision thresholds rather than as a stand-alone screening or triage 262 

platform. 263 
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Endpoint-transition and diagnosis-to-surgery capture structure 264 

The endpoint-transition backbone was dominated by transition from no hospital-record-defined 265 

DCM to incident DCM and then into the diagnosis-procedure-paired surgical layer. There were 266 

974 0-to-1 transitions and 548 1-to-2 captures, but only 4 direct 0-to-2 captures (Figure 8). 267 

Because the median 1-to-2 interval was 0 days, this structure should be read as a coding and 268 

care-episode capture framework rather than as proof of the biological tempo of clinical 269 

progression. 270 

Discussion271 

The present findings have a clinically practical but deliberately restrained interpretation. Lower 272 

grip strength and slower usual walking pace identified individuals at higher risk of hospital-273 

record-defined incident DCM in a large population cohort, and the same signal remained visible 274 

when the endpoint was made more specific and when surgically treated DCM was examined as a 275 

secondary clinical layer. The key contribution is that the same two functional markers remained 276 

informative across a hierarchical hospital-record endpoint structure and a risk-enrichment 277 

framework. 278 

Prior population-based work has linked grip strength and walking pace to incident DCM. [26] In 279 

contrast to a single-endpoint association analysis, the present study evaluated whether the same 280 

markers remain informative in a primary-position endpoint, a surgically treated secondary 281 

endpoint, a contextual diagnosis-to-surgery capture layer, and a utility-oriented framework 282 

beyond a parsimonious clinical baseline model. 283 

That endpoint hierarchy is clinically relevant, but it should be interpreted within the limits of 284 

hospital coding. DCM is heterogeneous, and surgery-related outcomes should not automatically 285 

be treated as interchangeable with broad disease-occurrence endpoints. [1-7, 9-14, 25] Our data 286 
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support a disciplined structure: hospital-record-defined incident DCM is the primary disease-287 

occurrence endpoint; primary-position DCM is a specificity layer; surgically treated DCM is a 288 

clinically consequential secondary endpoint; and the diagnosis-to-surgery capture analysis is 289 

contextual rather than a true progression endpoint. 290 

The biological interpretation is plausible, but residual confounding and reverse causality remain 291 

possible. Grip strength and usual walking pace may partly reflect overall health status, 292 

sarcopenia, or frailty-related processes. Lagged sensitivity analyses showed that the association 293 

persisted after excluding early events, which reduces but does not eliminate the possibility that 294 

low grip strength or slow walking pace reflected undiagnosed baseline DCM. The available-295 

smoking sensitivity analysis also preserved the main associations, although physical activity and 296 

socioeconomic deprivation were not available in the audited analytic variable set used for this 297 

analysis and were therefore retained as residual-confounding limitations. 298 

The risk-enrichment analyses also deserve a measured reading. The combined model did not 299 

approach the performance of a high-accuracy screening tool, and we do not present this paper as 300 

a machine-learning, artificial-intelligence, or actionable clinical decision model. The absolute 301 

gains in discrimination were modest, calibration showed average underprediction, and decision-302 

curve benefit was concentrated in a narrow very-low-threshold range. [35-40] The prediction 303 

results therefore support only modest risk enrichment. 304 

This point is important for clinical translation. Grip strength and usual walking pace should not 305 

be used as independent triage tools replacing neurological examination, imaging, or specialist 306 

assessment. Their more realistic value is to enrich clinical suspicion in settings where the 307 

threshold for further evaluation is intentionally low—for example, when patients already present 308 
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with subtle hand dysfunction, gait change, neck symptoms, or other nonspecific neurologic 309 

complaints. [3, 5-7, 9-13] 310 

The null result in the diagnosis-to-surgery capture layer is equally informative. Once patients 311 

have already entered the hospital-record-defined incident DCM state, surgery coding is 312 

influenced by symptom burden, imaging severity, clinician judgment, access to care, patient 313 

preference, operative decision making, and the timing of administrative coding. [14, 18-21, 25, 314 

31-33] Given that the median interval from incident DCM coding to surgery coding was 0 days, 315 

this layer is better interpreted as peri-diagnostic surgical capture than as clinical progression. 316 

This study has several strengths. It was based on a large prospective cohort with linked hospital 317 

follow-up, a record-level endpoint reconstruction process, a participant-level time-to-event 318 

structure, and a common complete-case prediction cohort that prevented denominator drift across 319 

candidate models. The analysis also remained focused on two clinically interpretable markers 320 

tested across a clinically ordered endpoint structure. 321 

It also has limitations. First, hospital-coded DCM endpoints remain imperfect proxies for 322 

clinically adjudicated disease; MRI findings, mJOA scores, neurological examination, and 323 

adjudicated clinical diagnosis were unavailable. Second, low grip strength and slow walking 324 

pace could reflect undiagnosed or subclinical DCM at baseline; lagged analyses reduce this 325 

concern but cannot remove it completely. Third, walking pace was self-reported rather than 326 

instrumented. Fourth, physical activity and socioeconomic deprivation were not available in the 327 

audited analytic variable set used for this analysis; rather than adding an incompletely audited 328 

post hoc covariate layer, we treated these factors as residual-confounding limitations despite the 329 

available-smoking sensitivity model. Fifth, the prediction layer relied on internal 330 

derivation/validation, showed average underprediction, and should not be interpreted as a 331 
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deployable clinical tool. Sixth, the surgically treated endpoint captures severity only indirectly, 332 

and the diagnosis-to-surgery capture layer should not be overinterpreted as true progression. 333 

Overall, these findings support a restrained but clinically useful interpretation. Grip strength and 334 

usual walking pace form a concise functional profile that remains informative across a 335 

prespecified hospital-record endpoint hierarchy and provides modest incremental value for risk 336 

enrichment beyond a simple clinical baseline model. The principal contribution of the study lies 337 

in integrating these markers into a clinically ordered endpoint and utility framework while 338 

explicitly acknowledging the limits of coded endpoints. 339 

Conclusions340 

Grip strength and usual walking pace were independently associated with hospital-record-341 

defined incident DCM in UK Biobank. The association persisted under a more specific disease 342 

definition, within a surgically treated secondary endpoint, and in lagged sensitivity analyses 343 

excluding early events. 344 

Together, these two simple functional markers provided modest incremental value for risk 345 

enrichment beyond a parsimonious clinical baseline model. Their main value lies in supporting 346 

earlier clinical suspicion under low-threshold evaluation contexts, not in replacing specialist 347 

evaluation, imaging, or neurological examination and not in establishing a high-performance 348 

stand-alone screening model. 349 

350 
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Tables525 

Editable tables are provided below. Figures are provided separately as individual files. 526 

Table 1 Baseline characteristics of the analytic cohort527 

Characteristic Overall No incident DCM Incident DCM

Participants 494,527 493,583 944

Age, years 56.5 (8.1) 56.5 (8.1) 58.6 (7.6)

Male sex 225,184 (45.5%) 224,664 (45.5%) 520 (55.1%)

BMI, kg/m² 27.4 (4.8) 27.4 (4.8) 28.6 (5.3)

Waist circumference, cm 90.2 (13.4) 90.2 (13.4) 93.9 (14.0)

Diabetes 25,679 (5.2%) 25,578 (5.2%) 101 (10.7%)

Hypertension 119,035 (24.1%) 118,706 (24.0%) 329 (34.9%)

Grip strength, kg 32.7 (11.3) 32.7 (11.3) 31.4 (11.4)

Usual walking pace

Slow 39,692 (8.0%) 39,492 (8.0%) 200 (21.2%)

Steady/average 260,489 (52.7%) 259,994 (52.7%) 495 (52.4%)

Brisk 192,838 (39.0%) 192,596 (39.0%) 242 (25.6%)

Alcohol intake frequency

Daily/almost daily 100,735 (20.4%) 100,544 (20.4%) 191 (20.2%)

3-4/week 114,400 (23.1%) 114,212 (23.1%) 188 (19.9%)

1-2/week 127,806 (25.8%) 127,588 (25.8%) 218 (23.1%)

1-3/month 55,165 (11.2%) 55,065 (11.2%) 100 (10.6%)

Special occasions only 56,792 (11.5%) 56,659 (11.5%) 133 (14.1%)

Never 39,199 (7.9%) 39,087 (7.9%) 112 (11.9%)

Common complete-case prediction cohort. Values are shown as mean (SD) or n (%). Analytic 528 

cohort n = 494,527; primary endpoint events = 944. Rare special-code categories were omitted 529 

from the main baseline table for readability. 530 

531 
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Table 2 Primary and supportive association results for grip strength and usual walking pace 532 

Endpoint Variable Analytic n Events HR (95% CI) P value

Hospital-record-defined incident 

DCM (any-position)
Grip strength (per 5 kg) 494,527 944 0.845 (0.810-0.881) 2.52e-15

Hospital-record-defined incident 

DCM (any-position)

Usual walking pace (per 

category)
494,527 944 0.824 (0.785-0.866) 7.35e-15

Primary-position hospital-record-

defined incident DCM
Grip strength (per 5 kg) 494,527 616 0.842 (0.800-0.887) 6.36e-11

Primary-position hospital-record-

defined incident DCM

Usual walking pace (per 

category)
494,527 616 0.832 (0.782-0.884) 3.27e-09

Surgically treated DCM (main) Grip strength (per 5 kg) 494,527 538 0.858 (0.812-0.907) 5.71e-08

Surgically treated DCM (main)
Usual walking pace (per 

category)
494,527 538 0.846 (0.789-0.907) 2.71e-06

Diagnosis-to-surgery capture among 

hospital-record-defined incident 

DCM

Grip strength (per 5 kg) 944 534 1.026 (0.973-1.083) 0.342

Diagnosis-to-surgery capture among 

hospital-record-defined incident 

DCM

Usual walking pace (per 

category)
944 534 1.058 (0.957-1.170) 0.268

Fully adjusted estimates for the primary and supportive hospital-record-defined endpoint layers. 533 

The diagnosis-to-surgery capture layer is shown for context and should not be interpreted as true 534 

clinical progression. 535 

Table 3 Prediction-model discrimination and incremental gain536 
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Model

Validation 

Harrell's C-index

Validation 10-

year AUC

ΔC-index vs 
base

ΔAUC vs base

Base clinical model 0.6280 0.6272 0.0000 0.0000

Base + grip strength 0.6445 0.6457 0.0165 0.0185

Base + usual walking pace 0.6469 0.6430 0.0189 0.0158

Base + grip strength + usual walking 

pace
0.6560 0.6548 0.0280 0.0275

Validation discrimination metrics for the base clinical model and the two motor-functional 537 

reserve augmentation strategies. Harrell's C-index values are reported after checking that higher 538 

model scores corresponded to higher predicted risk. 539 

Table 4 Calibration and supportive utility summary540 

Section Metric Value

Combined model
Validation Harrell's C-index

0.6560

Combined model Validation 10-year AUC 0.6548

Combined model Decile-based calibration intercept 0.0001

Combined model Decile-based calibration slope 1.3804

Combined model Weighted observed/predicted ratio 1.4878

Combined model Maximum absolute decile gap 0.0009

Combined model Effective decision-threshold window 0.001-0.003

Supportive endpoint Incident DCM (primary-only) validation 10-year AUC 0.6564

Supportive endpoint Surgically treated DCM (main) validation 10-year AUC 0.6380

Calibration and supportive utility results for the combined model (base + grip strength + usual 541 

walking pace). Supportive endpoint checks are reported as validation 10-year AUC values for the 542 

high-specificity endpoint and the main surgically treated DCM support layer. These metrics 543 

indicate modest risk enrichment, not an actionable stand-alone clinical tool. 544 

Figure legends545 



29Page 29 

Figures are supplied as separate files. Additional files contain supplementary tables and 546 

supplementary figures. 547 

Figure 1. Study design and endpoint hierarchy. Overview of cohort assembly, record-level 548 

endpoint reconstruction, clinically ordered endpoint layers, and the common complete-case 549 

prediction cohort. 550 

Figure 2. Adjusted associations with hospital-record-defined incident degenerative cervical 551 

myelopathy. Fully adjusted estimates for the primary endpoint, hospital-record-defined incident 552 

DCM (any-position), adjusted for age, sex, body mass index, waist circumference, alcohol intake 553 

frequency, diabetes, hypertension, grip strength, and usual walking pace. Analytic cohort n = 554 

494,527; primary endpoint events = 944. 555 

Figure 3. Associations of grip strength and usual walking pace across supporting hospital-record-556 

defined endpoint layers. Grouped estimates for primary-position incident DCM, surgically 557 

treated DCM, and the contextual diagnosis-to-surgery capture layer. The two focal markers 558 

retained a concordant protective direction in the primary-position and surgically treated layers 559 

but not in the contextual capture analysis. 560 

Figure 4. Validation Harrell's C-index across the four prediction models. Best performance was 561 

achieved by the combined model (base + grip strength + usual walking pace), followed by the 562 

walking-pace and grip-only augmented models. Validation cohort n = 148,359; primary endpoint 563 

events = 284. 564 

Figure 5. Validation 10-year discrimination and incremental gain. Panel A shows validation 10-565 

year AUC across the four models. Panel B shows incremental gain over the base clinical model 566 

in Harrell's C-index and 10-year AUC. The combined model delivered the largest gain in both 567 

discrimination metrics. 568 
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Figure 6. Calibration of the combined model. Decile-based calibration of the model combining 569 

the base clinical variables with grip strength and usual walking pace. Observed risk remained 570 

above predicted risk across deciles, indicating average underprediction despite preserved 571 

discrimination. 572 

Figure 7. Decision-curve analysis. Validation-set net benefit across the clinically relevant very-573 

low-threshold range. The combined model had the broadest positive net-benefit window, but 574 

positive net benefit was concentrated at thresholds approximately 0.001 to 0.003. 575 

Figure 8. Endpoint-transition and diagnosis-to-surgery capture summary. The dominant coded 576 

endpoint structure was transition from no hospital-record-defined DCM to incident DCM and 577 

then into the diagnosis-procedure-paired surgical layer; direct 0-to-2 capture was rare. The 1-to-2 578 

median interval of 0 days supports interpreting this layer as peri-diagnostic capture rather than 579 

true clinical progression. 580 



Figure 1. Study design and endpoint hierarchy
UK Biobank DCM analysis: endpoint reconstruction, time-to-event structures, prediction cohort, and hospital-record endpoint hierarchy.

A. Cohort and endpoint reconstruction

Baseline cohort
Participants with baseline date

n = 501,936

Endpoint reconstruction
Raw DCM diagnosis participants: 1,241

Incident DCM (any-position): 978
Surgery-main: 552
Surgery-strict: 545

B. Time-to-event structures

Transition Events
0 -> 1 transitions 974
0 -> 2 direct 4
1 -> 2 transitions 548

C. Prediction cohort
Complete-case prediction cohort
Complete-case cohort: 494,527
Primary endpoint events: 944

Surgery-main events: 538

D. Endpoint hierarchy
Role Endpoint n
Primary DCM (any-position) 978
Sensitivity DCM (primary-only) 639
Key secondary Surgery-main 552
Strict Surgery-strict 545

Manuscript analysis backbone
 Hospital-record-defined incident DCM (any-position) was retained as the primary endpoint.
 Grip strength and usual walking pace formed the two-pillar motor-functional reserve axis.
 Diagnosis-to-surgery capture and enhancement layers were retained as contextual/supportive analyses.
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Figure 2. Adjusted associations with hospital-record-defined incident DCM
Fully adjusted estimates for hospital-record-defined incident DCM (any-position).
Covariate Hazard ratio HR (95% CI) P value Main figure

Usual walking pace (per category) 0.824 (0.785-0.866) 7.35e-15

Grip strength (per 5 kg) 0.845 (0.810-0.881) 2.52e-15

Hypertension 1.284 (1.113-1.481) 5.96e-04

Diabetes 1.388 (1.114-1.730) 0.003

Alcohol: other / prefer not to
answer vs daily/almost daily 1.785 (0.441-7.216) 0.416

Alcohol: never vs daily/almost daily 1.298 (1.020-1.651) 0.034

Alcohol: special occasions only vs
daily/almost daily 1.164 (0.926-1.463) 0.194

Alcohol: 1-3/month vs daily/almost
daily 0.986 (0.771-1.260) 0.908

Alcohol: 1-2/week vs daily/almost
daily 0.918 (0.755-1.117) 0.393

Alcohol: 3-4/week vs daily/almost
daily 0.905 (0.740-1.108) 0.333

Waist circumference (per 10 cm) 0.899 (0.806-1.002) 0.054

BMI (per 5 kg/m^2) 1.276 (1.120-1.455) 2.64e-04

Male sex 2.843 (2.284-3.539) 8.43e-21

Age (per 5 years) 1.119 (1.070-1.169) 7.68e-07

Adjusted for age, sex, body mass index, waist circumference, alcohol intake frequency, diabetes, hypertension, grip strength, and usual walking pace. Analytic cohort n = 494,527; primary endpoint events = 944.
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Primary-position hospital-record-defined DCM
Grip strength (per 5 kg)

Primary-position hospital-record-defined DCM
Usual walking pace (per category)

Surgically treated DCM
Grip strength (per 5 kg)

Surgically treated DCM
Usual walking pace (per category)

Diagnosis-to-surgery capture layer
Grip strength (per 5 kg)

Diagnosis-to-surgery capture layer
Usual walking pace (per category)

0.842 (0.800-0.887); p=6.36e-11

0.832 (0.782-0.884); p=3.27e-09

0.858 (0.812-0.907); p=5.71e-08

0.846 (0.789-0.907); p=2.71e-06

1.026 (0.973-1.083); p=0.342

1.058 (0.957-1.170); p=0.268

Supporting endpoint layers for grip strength and usual walking pace
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+ Grip
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A. Validation 10-year AUC
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Increment over base clinical model

+ Grip

+ Pace

+ Grip + Pace

0.0165

0.0185
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0.0158
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0.0275

B. Increment over the base clinical model
Harrell's C-index
10-year AUC

Figure 5. Validation 10-year discrimination and incremental gain
Validation 10-year AUC and incremental discrimination associated with grip strength and usual walking pace.

Main figure

Validation cohort: n = 148,359; primary endpoint events = 284. The combined model delivered the largest gain in both validation 10-year AUC and Harrell's C-index.
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Calibration summary

Validation sample 148,359

Primary events 284

Intercept 0.0001

Slope 1.3804

Observed / predicted ratio 1.4878

Maximum absolute decile gap 0.0009

Observed risk remained consistently above predicted risk,
indicating systematic underprediction despite preserved discrimination.

Figure 6. Calibration of the combined model
Decile-based calibration of the model combining the base clinical variables with grip strength and usual walking pace.

Main figure
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Figure 7. Decision-curve analysis
Validation-set net benefit across the clinically relevant very-low-threshold range. The combined model had the broadest positive net-benefit window.

Main figure

The combined model yielded positive net benefit across thresholds 0.001–0.003, whereas gains outside this very-low-threshold range were limited.



No hospital-record-defined DCM
Population at risk: 501,936

Hospital-record-defined
incident DCM

Primary endpoint: 978

Diagnosis-procedure-paired
surgical DCM layer

Main layer: 552

0 1 events=974
median time=3,126 days

1 2 capture events=548
median interval=0 days

Rare direct 0 2 capture events=4; median time=4,505 days

The surgical layer is interpreted as diagnosis-to-surgery capture under the coding/pairing framework,
not as proof of true clinical progression from first symptoms to operation.

Endpoint-transition and diagnosis-to-surgery capture summary
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