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Abstract 52 

Background: Many diseases are associated with chronic inflammation, resulting in 53 

widening application of anti-inflammatory therapies. Whilst effective as disease 54 

modifying agents, these increase the risk of serious infection; however, it remains 55 

unknown if chronic systemic inflammation per se is also associated with fatal infection. 56 

Methods: Using serum C-reactive protein (CRP) data from 461,052 UK Biobank 57 

participants, we defined incidence rate ratios (IRR) for death from infection, 58 

cardiovascular disease, or other causes, adjusted for comorbidities and the use of 59 

anti-inflammatory therapies. 60 

Results: Systemic inflammation, defined as CRP ≥2mg/L, was common in all 61 

comorbidities considered. After adjusting for confounding factors, systemic 62 

inflammation was associated with a higher IRR point estimate for infection death (1.70; 63 

95% confidence interval 1.51-1.92) than cardiovascular (1.48; 1.40-1.57) or other 64 

death (1.41; 1.37-1.45), although confidence intervals overlapped. CRP thresholds of 65 

≥5 and ≥10 mg/L yielded similar findings, as did analyses in people with ≥2, but not 66 

<2, comorbidities. 67 

Conclusions: Systemic inflammation per se identifies people at increased risk of 68 

infection death, potentially contributing to the observed risks of anti-inflammatory 69 

therapies in clinical trials. Future clinical trials of anti-inflammatory therapies should 70 

carefully consider risks and benefits in target populations, guided by research into 71 

mechanisms of infection risk. 72 

 73 

Key words: Infection; inflammation; mortality; C-reactive protein  74 
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Background 75 

Inflammation is a common pathological factor in many chronic diseases including 76 

atherosclerosis, arthritis, chronic lung disease, cancer, diabetes and obesity [1–5]; 77 

moreover, it is more common as multimorbidity accrues [6–8]. The success of anti-78 

inflammatory therapies as disease modifying agents for inflammatory rheumatological, 79 

dermatological and gastrointestinal disorders has recently prompted phase 3 clinical 80 

trials in the context of atherosclerosis [9,10]. There is also hope that inflammation 81 

could represent a novel therapeutic target in diseases ranging from heart failure to 82 

cancer to depression [11–13]. However, canakinumab and colchicine failed to improve 83 

overall survival in people with advanced atherosclerosis, in spite of substantially 84 

reducing cardiovascular events, probably because of the increased risk of fatal 85 

infections [9,14]. This highlights the complexity of therapeutic modulation and 86 

suggests that future approaches will require nuance [15], perhaps informed by 87 

experience from more established indications for anti-inflammatory therapy [16]. 88 

However, in spite of a wealth of experience in therapeutically targeting inflammation, 89 

it remains unclear whether systemic inflammation per se is a risk factor for serious 90 

infection, perhaps by indicating individuals more likely to mount abnormal immune 91 

responses to pathogens. We set out to answer this question using the UK Biobank 92 

(UKB) cohort study, which provides detailed phenotyping of approximately 500,000 93 

adults, including large numbers with diverse chronic inflammatory morbidities. Since 94 

clinical trials of anti-inflammatory therapies used serum C-reactive protein (CRP) ≥2 95 

mg/L to include people with systemic inflammation [9,17], we used this threshold to 96 

define systemic inflammation in our analysis of UKB. Our primary objective was to 97 

define associations between CRP ≥2 mg/L and the risk of death from infection, 98 

cardiovascular disease or other causes, including stratification by chronic diseases 99 
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previously shown to be associated with increased risk of infection death [18]. We 100 

hypothesised that CRP ≥2 mg/L is associated with greater relative risk of death from 101 

infection than cardiovascular or other causes, and that this would be observed across 102 

chronic disease strata. 103 

 104 

Methods  105 

UK Biobank cohort: UKB is a population-based prospective cohort study that consists 106 

of 502,505 people aged between 37-73 years. The resource was developed using UK 107 

Government and biomedical research charity funding to improve understanding of 108 

disease and is an open access resource for all bona fide researchers. Full details of 109 

the study design and conduct are available from the UKB website 110 

(https://www.ukbiobank.ac.uk). Participants were recruited between 2006 and 2010 111 

by approaching all adults living within 40 kilometres of 22 assessment centres across 112 

England, Scotland and Wales. Detailed analysis of differences between the UK 113 

population and UK Biobank cohort is provided by Fry and colleagues [19]. In brief, 114 

participation rates were higher in females than males (6.4% vs 5.1%); older people 115 

(9% in those aged ≥60 years and 3% in those aged 40–44 years); and in less 116 

socioeconomically deprived areas (8.3% among persons from the least deprived 117 

areas and 3.1% among persons from the most deprived areas). There was also 118 

possible under-representation of non-white ethnic groups. When compared with 119 

nationally representative data, Fry et al noted lower rates of self-reported disease and 120 

lower all-cause mortality in UK Biobank participants, overall consistent with a healthy 121 

volunteer effect. Whilst the cohort is not representative of the whole UK population 122 

relating to socio-economic deprivation (SED), some non-communicable diseases and 123 

ethnic minorities, it allows assessment of exposure-disease relationships [19]. 124 

https://www.ukbiobank.ac.uk/
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Baseline biological measurements were recorded, and participants completed a 125 

touchscreen and nurse-led questionnaire, as described elsewhere [20]. UKB received 126 

ethical approval from the NHS Research Ethics Service (11/NW/0382); we conducted 127 

this analysis under application number 59585. All participants provided written 128 

informed consent.  129 

 130 

Definitions of systemic inflammation and study covariates: Systemic inflammation was 131 

defined using serum C-reactive protein (CRP) data generated with a high sensitivity 132 

immunoturbidimetric assay (Beckman Coulter AU5800). UKB collected CRP data at 133 

study enrolment from 468,528 participants. Our primary analyses defined systemic 134 

inflammation as CRP ≥2mg/L, based upon prior clinical trials targeting anti-135 

inflammatory agents to people above this threshold [9,17]. Potential confounding 136 

factors considered in the adjusted analyses were age, sex, ethnicity, SED, smoking 137 

status, comorbidity and anti-inflammatory medical therapy, all determined at study 138 

recruitment. Ethnicity was participant-classified within UKB-defined categories of 139 

white, mixed, Asian or British Asian, black or British black, Chinese or other ethnic 140 

group; due to the small number of people (and deaths) in each minority (non-white) 141 

ethnic group, these were pooled as ‘non-white ethnicity’. Smoking status was self-142 

reported as never, previous or current at the point of recruitment. SED was measured 143 

using the Townsend score, an area-based deprivation index, and categorised into 144 

quintiles. Obesity was classified using the World Health Organisation’s categorisation 145 

according to body mass index: class 1 (30.0-34.9 kg/m2), class 2 (35.0-39.9 kg/m2), 146 

class 3 (40 kg/m2). Self-reported medical disorders recorded solely at study 147 

recruitment during face-to-face interview with a nurse were used to classify morbidities 148 

(described in Supplementary Table 1). We used clinical consensus prior to our 149 
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analyses to select a range of morbidities that represent a broad spectrum of common 150 

disease groups: hypertension, chronic heart disease (ischaemic heart disease and 151 

heart failure), chronic respiratory disease, diabetes, prior cancer, chronic liver disease, 152 

chronic kidney disease, prior stroke or transient ischaemic attack (TIA), other 153 

neurological disease, psychiatric disease and chronic inflammatory and autoimmune 154 

rheumatic disease [18]. The number of these morbidities was calculated for each 155 

participant as an index of multimorbidity. Self-reported use of non-steroidal anti-156 

inflammatory drugs (NSAID) or immunosuppressive agents (including disease-157 

modifying anti-rheumatic drugs and oral glucocorticoids) was assessed at study 158 

enrolment as described in Supplementary Table 2. Missing data for comorbidities 159 

(n=863), body mass index (n=3,106), smoking (n=2,949), ethnicity (n=2,777), and SED 160 

(n=624), and loss to follow‐ up or withdrawal of consent (n=1,343), resulted in exclusion 161 

of 7,476 participants from our analyses (some participants with more than one variable 162 

missing), resulting in a study cohort of 461,052 participants.  163 

 164 

Definition of outcomes: Mortality information provided by UKB was derived from linked 165 

national death registry data from NHS Digital for participants in England & Wales and 166 

from the NHS Central Register, part of the National Records of Scotland, for 167 

participants in Scotland. In the present analysis, we censored follow-up and only 168 

considered deaths until 31st December 2019 to ensure this was before the first 169 

reported case of COVID-19 in the United Kingdom [21]. As we have previously 170 

described, deaths were classified using ICD-10 codes for the main cause of death as 171 

infection-related [18], cardiovascular [22], or other causes; specific codes are 172 

described in Supplementary Table 3. Infection death was our primary study outcome. 173 
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Cardiovascular death was a secondary outcome given the wealth of data causally 174 

linking systemic inflammation to adverse cardiovascular outcomes [1,9,10,15].  175 

 176 

Statistical analysis: Continuous variables are presented as mean (standard deviation) 177 

or median (inter-quartile range) if non-normally distributed, and categorical variables 178 

as number (percentage). Characteristics of participants with and without systemic 179 

inflammation were not formally statistically compared as these are descriptive data, 180 

rather than pertaining to a tested hypothesis. Adjusted cause-specific mortality 181 

incidence rate ratios (IRR) were estimated using Poisson regression with exposure 182 

time modelled. Time-varying covariates were not used, and the calendar year of 183 

recruitment was not included in models due to the narrow recruitment era. Unless 184 

specified otherwise, models were adjusted for all of the following covariates: age, sex, 185 

SED, smoking status, obesity, hypertension, chronic heart disease, chronic respiratory 186 

disease, diabetes, cancer, chronic liver disease, chronic kidney disease, prior 187 

stroke/TIA, other neurological disease, psychiatric disorder, autoimmune 188 

rheumatological disease, NSAID and immunosuppressive agent use. CRP was 189 

dichotomised as <2 or ≥2 mg/L in our primary analyses since this threshold has been 190 

applied in clinical trials of anti-inflammatory therapy [9,14]. When addressing 191 

multimorbidity, we separately modelled the number of comorbidities (i.e. number of 192 

comorbidities present at baseline, amongst those considered for adjustment, 193 

categorised as 1, 2, and 3 or more, since few participants had 4 or more) in place of 194 

the individual comorbidity variables (obesity, hypertension, chronic heart disease, 195 

chronic respiratory disease, diabetes, cancer, chronic liver disease, chronic kidney 196 

disease, prior stroke/TIA, other neurological disease, psychiatric disorder and 197 

rheumatological disease). When stratifying the population by specific morbidities, or 198 
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the number of comorbidities, the stratifying factor was excluded from the model. 199 

Correlation matrices of Poisson model’s coefficients were used to confirm absence of 200 

correlation between covariates (defined as >0.3 or <-0.3). As previously described 201 

[18], age was modelled using restricted cubic splines with 5 knots for infection death 202 

analyses and 4 knots for non-infection death analyses, since these provided the best 203 

fit as assessed by the Akaike and the Bayesian Criterion (models including categorical, 204 

linear, cubic splines with 3, 4 and 5 knots and first and second degree fractional 205 

polynomials were compared). As the proportion of participants with missing covariate 206 

data is modest (1.6%), we did not impute missing data. Secondary analyses included: 207 

1) assessment of age/sex adjusted, age/sex/socio-demographic factor/comorbidity 208 

adjusted and fully adjusted models; 2) sub-group analyses stratified by specific 209 

disease states or multimorbidity categories. Sensitivity analyses included: 1) 210 

assessment of alternate CRP thresholds of ≥5mg/L and ≥10mg/L; and 2) exclusion of 211 

participants who died during the first 6 months of follow-up, to reduce bias from reverse 212 

causality since elevated CRP could denote acute infection. All tests were 2-sided and 213 

statistical significance was defined as p<0.05. All statistical analyses were performed 214 

using Stata/MP (StataCorp LP, College Station, USA; version 16.1). 215 

 216 

Results 217 

Within a study population of 461,052 people, 35.2% (n=162,419) had serum CRP 218 

≥2mg/L (characteristics of participants without CRP data are presented in 219 

Supplementary Table 4). In relation to people with CRP <2mg/L, a higher proportion 220 

of those with CRP ≥2mg/L were older, female, socio-economically deprived, current 221 

smokers, and multimorbid (Table 1). Similar observations resulted from analyses of 222 

people with CRP ≥5mg/L (11.6%; n=53,468) and ≥10mg/L (4.1%; n=19,024), as 223 
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shown in Supplementary Tables 5-6. Notably, CRP ≥2mg/L was highly prevalent in 224 

all of the chronic diseases studied, ranging from 39.6% of people with cancer, to 85.6% 225 

of people with class 3 obesity, and was more prevalent in people with greater 226 

multimorbidity (Figure 1).    227 

 228 

After 4,927,012 person-years of follow-up (median 10.9 [IQR 10.1 – 11.6] years per 229 

participant), 25,619 deaths (5.6% of participants) occurred. Of these, 1,274 (5.0%) 230 

were attributed to infection, 5,202 (20.3%) to cardiovascular events, and 19,143 231 

(74.7%) to other causes. IRRs for the association between CRP ≥2mg/L and these 232 

three categories of death are shown in Figure 2. Results from secondary analyses 233 

presenting IRRs from unadjusted, age/sex adjusted, and other models are also 234 

presented in Supplementary Table 7. To exclude the possibility that deaths occurring 235 

early during follow-up were related to undiagnosed acute infection at the time of 236 

enrolment, we repeated analyses after excluding all deaths during the first 6-months 237 

and derived similar IRRs (Supplementary Table 8). These data illustrate that CRP 238 

≥2mg/L is associated with increased risk of the three categories of death. Point 239 

estimates for relative risk of infection death were higher than for cardiovascular or 240 

other death, although some confidence intervals overlapped. Sensitivity analyses 241 

using higher CRP thresholds of ≥5mg/L and ≥10mg/L yield broadly the same 242 

conclusion, although differences in point estimates of relative risk between infection 243 

death and cardiovascular or other death were higher than for the ≥2mg/L threshold 244 

(Figure 2). However, in spite of higher relative risk of infection death, it is important to 245 

emphasise that the absolute rate of infection death was lower than those of 246 

cardiovascular and other death, even in people with CRP ≥10mg/L (Supplementary 247 

Table 9).  248 



 12 

  249 

We also assessed whether the association between systemic inflammation and 250 

cause-specific mortality was consistent in subgroups with specific morbidities or 251 

accumulating multimorbidity. Again, CRP ≥2mg/L was associated with increased risk 252 

of all categories of death, but nominally higher IRRs were observed for infection death 253 

than cardiovascular or other death in all morbidities except ‘other neurological 254 

diseases’ (Figure 3). The same conclusion was reached irrespective of the number of 255 

comorbid diseases, although the IRR for infection death was nominally lower than that 256 

for cardiovascular death in people without disease (Figure 4). Sensitivity analyses 257 

applying higher CRP thresholds of ≥5mg/L and ≥10mg/L yielded similar conclusions 258 

(Supplementary Tables 10-13).  259 

 260 

Discussion 261 

Our analysis provides a novel exploration of the association between systemic 262 

inflammation and infection death and has important implications for future research 263 

and clinical practice. We show that elevated CRP is highly prevalent in many 264 

morbidities and is associated with a greater relative risk of infection death than 265 

cardiovascular or other causes of death, irrespective of the CRP threshold chosen. 266 

This observation was consistent in stratified analyses across the vast majority of 267 

diseases we studied, suggesting that it is broadly relevant to people with diverse 268 

diseases, or combinations of diseases. In the context of broadening clinical use of anti-269 

inflammatory therapies, our data caution that people identified as candidates based 270 

on elevated CRP are already predisposed to fatal infection before initiating treatment. 271 

This suggests that careful balancing of risks and benefits of such therapies is 272 
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essential, which is likely to require greater understanding of how perturbed 273 

inflammation contributes to chronic diseases in order to personalise therapy. 274 

 275 

Our findings may be particularly pertinent to recent clinical trials, which targeted 276 

canakinumab or colchicine to people with advanced atherosclerotic cardiovascular 277 

disease [9,10]. Inflammation is a key driver of atherosclerosis [1,15], and these trials 278 

demonstrated clinically important reductions in adverse cardiovascular events, yet 279 

without improving overall mortality [9,10]. Serious infection events are also 280 

substantially increased by these agents [9,14], which may underpin their failure to 281 

improve overall survival in people with advanced atherosclerosis; this represents a 282 

major hurdle to routine clinical adoption. Whilst these trials only recruited people after 283 

myocardial infarction, data from people with other cardiovascular diseases 284 

demonstrate that adverse infection events are frequent causes of death [22–25], 285 

suggesting that safely targeting inflammation will be challenging. However, in our 286 

study, whilst we consistently observed that elevated CRP was associated with a 287 

greater relative risk of infection than cardiovascular death, absolute rates of infection 288 

death were still appreciably lower, suggesting that safer anti-inflammatory approaches 289 

could offer overall benefit. Indeed, the targeting of Rosuvastatin to people at high 290 

cardiovascular risk with CRP ≥2mg/L was shown to reduce inflammation, along with 291 

improving cardiovascular events and all-cause mortality [17]. 292 

 293 

Beyond cardiovascular disease, our observations have much broader relevance since 294 

inflammation is causally implicated in many disease processes [1–8]. We observed 295 

that elevated CRP was common across diseases, and in disease- or multimorbidity-296 

stratified analyses was almost uniformly associated with greater IRR for infection 297 
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death than for cardiovascular death. Previously, we have shown that multimorbidity 298 

and some morbidities (class 3 obesity, hypertension, chronic respiratory disease, 299 

chronic kidney disease, psychiatric disease, chronic inflammatory and autoimmune 300 

rheumatological disease), along with advancing age and increasing SED, were 301 

associated with greater risk of infection death than other causes of death [18]. Since 302 

elevated CRP was still associated with greater risk of infection death than other causes 303 

of death in these subgroups, it is possible that the combination of elevated CRP and 304 

these diseases identifies people particularly predisposed to infection death.  305 

 306 

An important question arising from our observations is which factors mediate the 307 

association between systemic inflammation and infection death. Since elevated CRP 308 

was more strongly associated with infection death than cardiovascular or other causes 309 

of death in all but one of the morbidities we studied, a common mechanism (or 310 

mechanisms) seems the most plausible explanation. One possibility is that elevated 311 

CRP is a marker of frailty and reduced physiological reserve, and the substantial 312 

reduction in IRR between crude and age-sex adjusted models (Supplementary Table 313 

7) may support this possibility. However, the persistent association between elevated 314 

CRP and infection death in our ‘fully adjusted’ models suggests that factors beyond 315 

frailty and comorbidity are relevant. Another possibility is that elevated CRP is a 316 

biomarker of more broadly perturbed immune responses, as observed with ageing, 317 

and characterised by persistent systemic inflammation and impaired adaptive immune 318 

responses to pathogens and vaccines [26–28]. Notably, recent data have suggested 319 

that clonal haematopoiesis of indeterminate potential (CHIP), a disorder arising from 320 

somatic mutations that promote over-representation of pro-inflammatory myeloid 321 

clones (and elevated CRP) [29,30], is associated with increased risk of diverse 322 
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infections [31]. Therefore, it will be important for future research to better profile the 323 

immune milieu in at risk populations, both in periods of usual health and during 324 

episodes of infection. These data may help to identify elements of the immune 325 

response whose perturbation may predispose to infection, which may act as a useful 326 

biomarker and even define safer avenues for anti-inflammatory therapy or strategies 327 

to reduce infection risk. 328 

 329 

It is also important to interpret our work in the context of some limitations. First, the 330 

observational design precludes us from inferring causality in the association between 331 

systemic inflammation and infection death. Second, we have no data on the use of 332 

immunosuppressive anti-inflammatory therapies beyond the point of study enrolment, 333 

or indeed the lifetime doses of these. This is important since some people with 334 

undiagnosed inflammatory disorders, either at baseline or emerging during follow-up, 335 

may have later commenced these therapies, which are known to increase the risk of 336 

infection death. Moreover, lifetime dose of some immuno-suppressive agents is 337 

associated with increased risk of infection and cardiovascular events [16,32]. Hence, 338 

our adjusted IRR data may overestimate the association between elevated CRP and 339 

some causes of death. However, a relatively small proportion of the general population 340 

is prescribed such therapy, so our inability to account for incident use is unlikely to 341 

substantially diminish our estimates. Our analysis is similarly limited by only having 342 

access to CRP and covariate data at baseline. Finally, it is important to note that CRP 343 

defines only one facet of inflammation and may not be the optimal biomarker to define 344 

or understand this issue; hence, future studies should explore other markers. 345 

 346 
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In conclusion, we show that elevated CRP is common in people with diverse chronic 347 

diseases and accumulates with multimorbidity. Irrespective of the threshold chosen, 348 

CRP defines a group of people at particularly increased relative risk of infection death. 349 

Moreover, this observation persisted in analyses restricted to the majority of 350 

comorbidities we studied, indicating that it is broadly relevant. This suggests that using 351 

CRP as a biomarker to identify people who may benefit from potent anti-inflammatory 352 

therapies also selects a population at increased risk of fatal infection, in keeping with 353 

recent clinical trial data in people with atherosclerosis [9]. This raises the question of 354 

whether more could be done to prevent infection, for example by improving suboptimal 355 

uptake of existing vaccination strategies [16], before commencing anti-inflammatory 356 

therapy. Future research should aim to understand the immune responses to 357 

pathogens in people with systemic inflammation, which may help to develop safer anti-358 

inflammatory therapies for chronic disease and target their use to people most likely 359 

to obtain net benefit.   360 

  361 



 17 

References  362 

1.  Galkina E, Ley K. Immune and Inflammatory Mechanisms of Atherosclerosis. 363 

Annu Rev Immunol 2009; 27:165–97.  364 

2.  Firestein GS, McInnes IB. Immunopathogenesis of Rheumatoid Arthritis. 365 

Immunity 2017; 46:183–96. 366 

3.  Barnes PJ. Inflammatory mechanisms in patients with chronic obstructive 367 

pulmonary disease. J Allergy Clin Immunol 2016; 138:16–27.  368 

4.  Greten FR, Grivennikov SI. Inflammation and Cancer: Triggers, Mechanisms, 369 

and Consequences. Immunity 2019; 51:27–41.  370 

5.  Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity and 371 

metabolic disease. J Clin Invest 2017; 127:1–4. 372 

6.  Ferreira GD, Simões JA, Senaratna C, et al. Physiological markers and 373 

multimorbidity: A systematic review. J Comorb 2018; 8(1):2235042X18806986.  374 

7.  Fabbri E, An Y, Zoli M, et al. Aging and the Burden of Multimorbidity: 375 

Associations With Inflammatory and Anabolic Hormonal Biomarkers. J 376 

Gerontol A Biol Sci Med Sci 2014; 70(1):63–70. 377 

8.  Sayed N, Huang Y, Nguyen K, et al. An inflammatory aging clock (iAge) based 378 

on deep learning tracks multimorbidity, immunosenescence, frailty and 379 

cardiovascular aging. Nat Aging 2021; 1:598–615.  380 

9.  Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory Therapy with 381 

Canakinumab for Atherosclerotic Disease. N Engl J Med 2017; 377:1119–31.  382 

10.  Tardif JC, Kouz S, Waters DD, et al. Efficacy and Safety of Low-Dose 383 

Colchicine after Myocardial Infarction. N Engl J Med 2019; 381:2497–505.  384 

11.  Murphy SP, Kakkar R, McCarthy CP, Januzzi JL. Inflammation in Heart 385 

Failure: JACC State-of-the-Art Review. J Am Coll Cardiol 2020; 75:1324–40.  386 



 18 

12.  Crusz SM, Balkwill FR. Inflammation and cancer: advances and new agents. 387 

Nat Rev Clin Oncol 2015; 12:584–96.  388 

13.  Roman M, Irwin MR. Novel neuroimmunologic therapeutics in depression: A 389 

clinical perspective on what we know so far. Brain Behav Immun 2020; 83:7–390 

21.  391 

14.  Fiolet ATL, Opstal TSJ, Mosterd A, et al. Efficacy and safety of low-dose 392 

colchicine in patients with coronary disease: a systematic review and meta-393 

analysis of randomized trials. Eur Heart J 2021; 42:2765–75.  394 

15.  Lutgens E, Atzler D, Döring Y, Duchene J, Steffens S, Weber C. 395 

Immunotherapy for cardiovascular disease. Eur Heart J 2019; 40:3937–46.  396 

16.  Wu J, Keeley A, Mallen C, Morgan AW, Pujades-Rodriguez M. Incidence of 397 

infections associated with oral glucocorticoid dose in people diagnosed with 398 

polymyalgia rheumatica or giant cell arteritis: a cohort study in England. CMAJ 399 

2019; 191:E680–8.  400 

17.  Ridker PM, Danielson E, Fonseca FAH, et al. Rosuvastatin to Prevent 401 

Vascular Events in Men and Women with Elevated C-Reactive Protein. N Engl 402 

J Med 2008; 359:2195–207.  403 

18.  Drozd M, Pujades-Rodriguez M, Lillie PJ, Straw S, Morgan AW, Kearney MT, 404 

et al. Non-communicable disease, sociodemographic factors, and risk of death 405 

from infection: a UK Biobank observational cohort study. Lancet Infect Dis 406 

2021; 21:1184–91.  407 

19.  Fry A, Littlejohns TJ, Sudlow C, et al. Comparison of Sociodemographic and 408 

Health-Related Characteristics of UK Biobank Participants With Those of the 409 

General Population. Am J Epidemiol 2017; 186:1026–34.  410 

20.  Sudlow C, Gallacher J, Allen N, et al. UK Biobank: An Open Access Resource 411 



 19 

for Identifying the Causes of a Wide Range of Complex Diseases of Middle 412 

and Old Age. PLoS Med 2015; 12:1–10.  413 

21.  Lillie PJ, Samson A, Li A, et al. Novel coronavirus disease (Covid-19): The first 414 

two patients in the UK with person to person transmission. J Infect 2020; 415 

80:578-606.   416 

22.  Drozd M, Pujades-Rodriguez M, Sun F, et al. Causes of death in people with 417 

cardiovascular disease: a UK Biobank cohort study. J Am Heart Assoc 2021; 418 

10:e023188.  419 

23.  Walker A, Drozd M, Hall M, et al. Prevalence and Predictors of Sepsis Death in 420 

Patients With Chronic Heart Failure and Reduced Left Ventricular Ejection 421 

Fraction. J Am Hear Assoc 2018; 7:e009684. 422 

24.  Shen L, Jhund PS, Anand IS, et al. Incidence and Outcomes of Pneumonia in 423 

Patients With Heart Failure. J Am Coll Cardiol 2021; 77:1961–73.  424 

25.  Drozd M, Garland E, Walker AMN, et al. Infection-Related Hospitalization in 425 

Heart Failure With Reduced Ejection Fraction. Circ Heart Fail. 2020; 426 

13:e006746.  427 

26.  Gavazzi G, Krause KH. Ageing and infection. Lancet Infect Dis 2002; 2:659–428 

66.  429 

27.  Vukmanovic-Stejic M, Chambers ES, Suárez-Fariñas M, et al. Enhancement of 430 

cutaneous immunity during aging by blocking p38 mitogen-activated protein 431 

(MAP) kinase-induced inflammation. J Allergy Clin Immunol 2018; 142:844–56.  432 

28.  Akbar AN, Henson SM, Lanna A. Senescence of T Lymphocytes: Implications 433 

for Enhancing Human Immunity. Trends Immunol 2016; 37:866–76.  434 

29.  Jaiswal S, Ebert BL. Clonal hematopoiesis in human aging and disease. 435 

Science 2019; 366:eaan4673.  436 



 20 

30.  Busque L, Sun M, Buscarlet M, et al. High-sensitivity C-reactive protein is 437 

associated with clonal hematopoiesis of indeterminate potential. Blood Adv 438 

2020; 4:2430–8.  439 

31.  Bolton KL, Koh Y, Foote MB, et al. Clonal hematopoiesis is associated with 440 

risk of severe Covid-19. Nat Commun 2021; 12:5975.  441 

32.  Pujades-Rodriguez M, Morgan AW, Cubbon RM, Wu J. Dose-dependent oral 442 

glucocorticoid cardiovascular risks in people with immune-mediated 443 

inflammatory diseases: A population-based cohort study. PLoS Med. 2020; 444 

17:1–19.   445 



 21 

Figure Legends 446 

 447 

Figure 1: Prevalence of elevated CRP in chronic morbidity or multimorbidity 448 

groups 449 

Stacked bar chart illustrating the percentage of people in specified chronic disease 450 

and multimorbidity groups with CRP ≥2mg/L, ≥5mg/L and ≥10mg/L. CRP – C-reactive 451 

protein; TIA – transient ischaemic attack. 452 

 453 

Figure 2: Adjusted incidence rate ratios of cause-specific mortality according 454 

to CRP category 455 

Forest plot illustrating adjusted incidence rate ratios (IRR) and their 95% confidence 456 

intervals (CI) for specified modes of death in people with CRP ≥2mg/L, ≥5mg/L and 457 

≥10mg/L (versus below these thresholds). The adjusted model includes the following 458 

factors in addition to CRP categories: age, sex, SED, smoking status, obesity, 459 

hypertension, chronic heart disease, chronic respiratory disease, diabetes, cancer, 460 

chronic liver disease, chronic kidney disease, prior stroke/TIA, other neurological 461 

disease, psychiatric disorder, autoimmune rheumatological disease, self-reported 462 

NSAID prescription and self-reported immunosuppressive agent prescription. CV – 463 

cardiovascular. 464 

 465 

Figure 3: Adjusted incidence rate ratios of cause-specific mortality in people 466 

with CRP ≥2mg/L stratified by chronic disease group 467 

Forest plot illustrating adjusted incidence rate ratios (IRR) and their 95% confidence 468 

intervals (CI) for specified modes of death in people with CRP ≥2mg/L versus CRP 469 

<2mgL stratified by chronic disease group. The adjusted model includes the following 470 
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factors in addition to CRP status within chronic disease group strata: age, sex, SED, 471 

smoking status, comorbidity beyond defined strata (including obesity, hypertension, 472 

chronic heart disease, chronic respiratory disease, diabetes, cancer, chronic liver 473 

disease, chronic kidney disease, prior stroke/TIA, other neurological disease, 474 

psychiatric disorder) autoimmune rheumatological disease), self-reported NSAID 475 

prescription and self-reported immunosuppressive agent prescription. CV – 476 

cardiovascular; TIA – transient ischaemic attack. 477 

 478 

Figure 4: Adjusted incidence rate ratios of cause-specific mortality in people 479 

with CRP ≥2mg/L stratified by number of morbidities 480 

Forest plot illustrating adjusted incidence rate ratios (IRR) and their 95% confidence 481 

intervals (CI) for specified modes of death in people with CRP ≥2mg/L versus CRP 482 

<2mgL stratified by the extent of multimorbidity. The adjusted model includes the 483 

following factors in addition to CRP status within multimorbidity strata: age, sex, SED, 484 

smoking status, self-reported NSAID prescription and self-reported 485 

immunosuppressive agent prescription. CV – cardiovascular.  486 
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Table 1: Characteristics of people with CRP <2mg/L and ≥2mg/L 487 

 CRP<2 

n=298,633 

CRP ≥2 

n=162,419 

Age (Years)   

<45 33,864 (11.3) 13,466 (8.3) 

45 to <50 42,303 (14.2) 18,272 (11.2) 

50 to <55 46,603 (15.6) 23,418 (14.4) 

55 to <60 54,047 (18.1) 29,363 (18.1) 

60 to <65 69,635 (23.3) 42,099 (25.9) 

65+ 52,181 (17.5) 35,801 (22.0) 

Sex   

Female 157,308 (52.7) 93,127 (57.3) 

Male 141,325 (47.3) 69,292 (42.7) 

Ethnicity   

White 283,469 (94.9) 153,602 (94.6) 

Non-white 15,164 (5.1) 8,817 (5.4) 

SED quintile   

1 (least deprived) 63,123 (21.1) 29,166 (18.0) 

2 61,832 (20.7) 30,302 (18.7) 

3 60,578 (20.3) 31,641 (19.5) 

4 58,928 (19.7) 33,273 (20.5) 

5 (most deprived) 54,172 (18.1) 38,037 (23.4) 

Smoking   

Never 171,359 (57.4) 81,086 (49.9) 

Former 100,953 (33.8) 59,200 (36.4) 

Current 26,321 (8.8) 22,133 (13.6) 

Obesity   

Not obese 253,639 (84.9) 94,204 (58) 

Class 1 37,404 (12.5) 43,938 (27.1) 

Class 2 6,312 (2.1) 16,703 (10.3) 
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Class 3 1,278 (0.4) 7,574 (4.7) 

Hypertension 67,259 (22.5) 54,842 (33.8) 

Chronic cardiac disease 12,864 (4.3) 8,933 (5.5) 

Chronic respiratory disease 33,773 (11.3) 25,814 (15.9) 

Diabetes 12,259 (4.1) 10,733 (6.6) 

Cancer 22,846 (7.7) 14,975 (9.2) 

Chronic liver disease 464 (0.2) 439 (0.3) 

Chronic kidney disease 583 (0.2) 592 (0.4) 

Prior stroke/TIA 4,496 (1.5) 3,483 (2.1) 

Other neurological disease 3,541 (1.2) 2,547 (1.6) 

Psychiatric disorder 15,755 (5.3) 12,004 (7.4) 

Rheumatological disease 4,501 (1.5) 5,894 (3.6) 

NSAID use 44,525 (14.9) 30,648 (18.9) 

Immunosuppressant use 5,609 (1.9) 6,572 (4.0) 

Number of chronic diseases   

      0 149,909 (50.2) 45,502 (28.0) 

      1 94,988 (31.8) 56,652 (34.9) 

      2 37,770 (12.6) 37,566 (23.1) 

      3+ 15,966 (5.3) 22,699 (14.0) 

 488 

Legend: CRP – C-reactive protein; NSAID – non-steroidal anti-inflammatory drug; 489 

SED – socio-economic deprivation; TIA – transient ischaemic attack 490 


