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Background: Sepsis remains a leading cause of morbidity and mortality in intensive care settings 

worldwide. Early risk stratification is central to improving outcomes, but conventional biomarkers 

such as C-reactive protein (CRP) are limited by cost and delayed availability in resource-constrained 

settings. Platelet indices and red cell distribution width (RDW), both derived from a routine complete 

blood count, may serve as inexpensive surrogates of inflammation, coagulopathy and bone-marrow 

stress. 

Aim: To evaluate the association of platelet count, platelet indices (mean platelet volume [MPV], 

platelet distribution width [PDW], plateletcrit [PCT]) and RDW with disease severity (SOFA, qSOFA, 

APACHE II scores) and clinical outcome in patients with severe sepsis. 

Materials and Methods: This hospital-based observational study enrolled 90 adults with severe 

sepsis at a tertiary-care teaching hospital over two years. Platelet count, MPV, PDW, PCT, RDW and 

CRP were recorded at admission and serially at 24 and 72 hours, and correlated with SOFA, qSOFA 

and APACHE II scores and with clinical outcome (improvement, worsening or death). A p-value <0.05 

was considered statistically significant. 

Results: Thrombocytopenia was present in 60.0% of patients at admission and was associated with 

poorer outcome. MPV and PDW correlated positively with SOFA, qSOFA and APACHE II scores (r = 

0.34-0.51, p < 0.01) and with CRP (p < 0.05), while platelet count correlated negatively with CRP (p < 

0.05). Patients with elevated MPV/PDW had a markedly lower rate of clinical improvement (68.8%) 

and a higher rate of death (14.5%) than those with normal indices (95.2% and 2.4%, respectively). 

RDW was elevated (>14.5%) in 57.8% of patients and was associated with a longer ICU stay and 

greater ventilator requirement, with a significant decline over 72 hours in patients who improved (p 

< 0.05). 

Conclusion: Platelet count, platelet indices and RDW - all obtainable from a single, inexpensive 

complete blood count - correlate closely with validated severity scores and clinical outcome in severe 

sepsis. Their combined interpretation, alongside CRP, offers a practical, low-cost tool for early risk 

stratification, particularly in resource-limited settings. 

Keywords: Sepsis; Platelet indices; Mean platelet volume; Platelet distribution width; Red cell distribution 

width; C-reactive protein; SOFA score; APACHE II. 

INTRODUCTION 

Sepsis is defined as life-threatening organ dysfunction caused 

by a dysregulated host response to infection, and despite 

advances in critical care it continues to carry high morbidity 

and mortality worldwide [1]. The Sepsis-3 consensus 
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operationalises this definition as an acute increase of two or 

more points in the Sequential Organ Failure Assessment 

(SOFA) score in the setting of infection, with progression to 

septic shock markedly increasing the risk of death [1,2]. 

Because clinical presentation is heterogeneous and the 

underlying pathophysiology complex, early identification of 

high-risk patients remains one of the most important unmet 

needs in sepsis care [3]. C-reactive protein (CRP), an acute-

phase reactant synthesised by hepatocytes under the stimulus 

of interleukin-6, is the inflammatory marker most widely used 

at the bedside because of its availability and low cost.[4,5] 

However, CRP lacks specificity, peaks with a delay of several 

hours, and provides no direct information about coagulation or 

microvascular dysfunction - limitations that have prompted 

interest in complementary, more mechanistically informative 

markers [4,5]. Platelets are increasingly recognised as active 

participants in the septic process rather than passive elements 

of haemostasis. Activated platelets interact with leucocytes and 

endothelium to promote microvascular thrombosis and 

capillary leak, and their increased consumption and 

destruction commonly produce the thrombocytopenia 

frequently observed in sepsis.[6-8] Beyond platelet count, the 

indices mean platelet volume (MPV) and platelet distribution 

width (PDW) capture the compensatory release of larger, less 

mature and more reactive platelets from the bone marrow, 

while plateletcrit (PCT), the product of platelet count and MPV, 

reflects total circulating platelet mass [9,10]. Elevated MPV and 

PDW, and reduced PCT, have repeatedly been linked to greater 

disease severity and mortality in sepsis [10,11].  Red cell 

distribution width (RDW), a routinely reported measure of 

variation in erythrocyte size, has similarly emerged as a 

marker of systemic inflammation, oxidative stress and 

impaired erythropoiesis. Elevated RDW predicts mortality in 

critically ill patients independent of established severity scores 

[12,13]. Because platelet indices and RDW arise from distinct 

but interlinked pathophysiological processes - platelet 

activation and turnover on one hand, marrow and erythrocyte 

stress on the other - their combined assessment, together with 

CRP, may offer a more complete picture of sepsis severity than 

any single parameter. Since advanced biomarkers and formal 

severity-score calculation are not uniformly available, 

particularly in resource-limited settings, there is a clear 

rationale for evaluating whether routinely available 

haematological indices can meaningfully stratify risk in severe 

sepsis. This study was undertaken to determine the association 

of platelet count, platelet indices and RDW with validated 

severity scores (SOFA, qSOFA, APACHE II) and with clinical 

outcome in patients with severe sepsis, and specifically to 

examine the correlation of MPV, PDW and RDW with disease 

severity, with CRP, and with each other. 

 

MATERIALS AND METHODS 

Study design and setting 

This hospital-based observational study was conducted over a 

period of two years in the Department of General Medicine, S.S. 

Institute of Medical Sciences and Research Centre, Davangere, 

Karnataka, India. 

 

 

Study Population 

Patients aged more than 18 years attending the medicine 

outpatient department or admitted to the inpatient wards, who 

fulfilled clinical criteria for sepsis - fever (oral temperature 

>38°C) or hypothermia (<36°C), tachypnoea (>24 

breaths/min), tachycardia (>90 beats/min), and leucocytosis 

(>12,000/µL), leucopenia (<4,000/µL) or >10% band forms, 

with proven or suspected microbial infection - were enrolled 

after written informed consent. 

Exclusion criteria 

Age <18 years; active haemorrhage; known haematological 

disorders (anaemia, hypersplenism, lymphoma, leukaemia, 

marrow suppression); recent blood transfusion; anticoagulant 

therapy; pregnancy; and inability to provide informed consent. 

Sample size 

Based on an anticipated sensitivity of 93.9% and an acceptable 

margin of error of 5% at a 95% confidence level (Zα = 1.96), 

the calculated minimum sample size was 88 patients; this was 

rounded up to 90 for the study. 

Investigations 

All patients underwent a complete blood count from which 

platelet count, MPV, PDW and RDW were derived, together 

with serum CRP, at admission and at 24 and 72 hours. 

Reference ranges applied were: platelet count 150-450 ×10⁹/L 

(thrombocytopenia defined as <150 ×10⁹/L); MPV 7.5-11.5 fL; 

PDW 9-14 fL; PCT 0.22-0.24%; RDW 11.5-14.5%; and CRP <5 

mg/L as normal. 

Severity and outcome assessment 

Disease severity was classified according to the Sepsis-3 

framework using the SOFA, quick SOFA (qSOFA) and APACHE 

II scoring systems, based on clinical and laboratory parameters 

recorded at admission.[1,2,14] Septic shock was defined as 

sepsis with persistent hypotension requiring vasopressor 

support to maintain a mean arterial pressure ≥65 mmHg 

together with a serum lactate >2 mmol/L despite adequate 

fluid resuscitation. Patients were followed through their 

hospital stay and outcome was classified as clinical 

improvement, clinical worsening, or death. 

Statistical analysis 

Data were entered in Microsoft Excel and analysed using SPSS 

statistical software. Quantitative variables were expressed as 

mean ± standard deviation and qualitative variables as 

frequencies and percentages. Student's t-test and correlation 

analysis (Pearson/Spearman, as appropriate) were used to 

compare groups and to assess relationships between 

haematological parameters, severity scores and CRP. A p-value 

<0.05 was taken as statistically significant. 

Ethical considerations 

The study was approved by the Institutional Ethics Committee 

of S.S. Institute of Medical Sciences and Research Centre, 

Davangere (approval number to be inserted), and written 

informed consent was obtained from all participants before 

enrolment. 

 

RESULTS 

Of the 90 patients with severe sepsis enrolled, the majority 

(51.1%) were aged 51-60 years, and 73.3% were older than 40 

years. There was a mild male predominance (52.2% vs 47.8%). 

At admission, fever or hypothermia was the most frequent  
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finding (86.7%), followed by tachycardia (81.1%), tachypnoea (74.4%) and leucocyte count abnormality (69.9%); all patients had 

proven or suspected infection. The respiratory tract (33.3%) and urinary tract (27.8%) were the commonest identifiable sources of 

sepsis, and microbiological cultures were positive in 34.4% of patients, most often from urine (20.0%). These findings are summarised 

in Table 01. Thrombocytopenia was present in 60.0% of patients at admission, with normal counts in 32.2% and thrombocytosis in 

7.8%. The proportion with thrombocytopenia fell progressively over the course of treatment, from 60.0% at admission to 52.2% at 24 

hours and 45.6% at 72 hours, while the proportion with normal counts rose correspondingly. A parallel decline was seen in platelet 

activation: the proportion with elevated MPV fell from 48.9% at admission to 33.3% at 72 hours, and elevated PDW fell from 46.7% to 

31.1% over the same interval (Table 02).  

Both MPV and PDW showed a statistically significant, graded relationship with severity scores. Mean MPV and PDW were significantly 

higher in patients with SOFA ≥6 (12.1±1.3 fL and 15.4±2.2 fL) than SOFA <6 (10.6±1.1 fL and 13.8±1.9 fL; p = 0.002 and p = 0.004 

respectively), a pattern mirrored for qSOFA ≥2 versus <2 (p = 0.006 and p = 0.009) and, most strongly, for APACHE II ≥20 versus <20 (p 

< 0.001 for both) (Table 3). On correlation analysis, APACHE II showed the strongest association with MPV (r = 0.51, p < 0.001) and 

PDW (r = 0.47, p < 0.001), followed by SOFA (r = 0.42 and 0.39) and qSOFA (r = 0.36 and 0.34). CRP correlated positively with MPV and 

PDW (p < 0.05 for both) and negatively with platelet count (p < 0.05), and mean CRP rose progressively across increasing SOFA, qSOFA 

and APACHE II severity categories (Table 04). RDW was elevated (>14.5%) in 57.8% of patients at admission. Elevated RDW was 

associated with a longer ICU stay (9.2±3.6 vs 5.8±2.1 days) and a greater requirement for ventilatory support (53.8% vs 26.3%) 

compared with normal RDW (p < 0.05 for both), although mortality did not differ significantly between the two groups (7.7% vs 7.9%). 

Mean RDW declined progressively from 15.6±1.8% at admission to 15.1±1.6% at 24 hours and 14.6±1.4% at 72 hours (p < 0.05) (Table 

05). 

Overall, 84.4% of patients showed clinical improvement, 7.8% worsened, and 7.8% died. Outcome varied by platelet count category: 

improvement was seen in 89.7% of patients with a normal platelet count compared with 81.5% of those with thrombocytopenia and 

71.4% of those with thrombocytosis, while death occurred more often in the thrombocytopenia (9.3%) and thrombocytosis (14.3%) 

groups than in those with normal counts (3.4%). The prognostic impact of platelet indices was more pronounced still: patients with 

elevated MPV/PDW had a markedly lower improvement rate (68.8%) and higher rates of worsening (16.7%) and death (14.5%) than 

those with normal indices (95.2%, 2.4% and 2.4% respectively) (Table 06). 

 

Table 01: Baseline demographic and clinical characteristics of the study population (N = 90) 

Characteristic n % 

Age group: ≤30 years 13 14.5 

Age group: 31-40 years 11 12.2 

Age group: 41-50 years 20 22.2 

Age group: 51-60 years 46 51.1 

Male sex 47 52.2 

Female sex 43 47.8 

Fever / hypothermia 78 86.7 

Tachycardia (>90/min) 73 81.1 

Tachypnoea (>24/min) 67 74.4 

Leucocyte count abnormality 63 69.9 

Source: respiratory tract 30 33.3 

Source: urinary tract 25 27.8 

Source: gastrointestinal tract 17 18.9 

Source: skin / soft tissue 10 11.1 

Source: no identifiable focus 8 8.9 

Microbiological culture positive 31 34.4 

Clinical outcome: improved 76 84.4 

Clinical outcome: worsened 7 7.8 

Clinical outcome: death 7 7.8 
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Table 02: Temporal trend of platelet count and platelet indices (N = 90) 

Time point 
Thrombocytopenia 

n (%) 

Normal 

platelets n 

(%) 

Thrombocytosis 

n (%) 

Elevated 

MPV n (%) 

Elevated 

PDW n (%) 

Admission 54 (60.0) 29 (32.2) 7 (7.8) 44 (48.9) 42 (46.7) 

24 hours 47 (52.2) 34 (37.8) 9 (10.0) 38 (42.2) 36 (40.0) 

72 hours 41 (45.6) 37 (41.1) 12 (13.3) 30 (33.3) 28 (31.1) 

 

Table 03: Association between severity scores and platelet indices (MPV, PDW) 

Severity score Category (n) 
Mean MPV ± SD 

(fL) 
P value 

Mean PDW ± SD 

(fL) 
P value 

SOFA <6 (n=62) 10.6 ± 1.1 - 13.8 ± 1.9 - 

SOFA ≥6 (n=28) 12.1 ± 1.3 0.002 15.4 ± 2.2 0.004 

qSOFA <2 (n=52) 10.7 ± 1.0 - 13.9 ± 1.8 - 

qSOFA ≥2 (n=38) 11.9 ± 1.4 0.006 15.1 ± 2.1 0.009 

APACHE II <20 (n=57) 10.5 ± 1.1 - 13.7 ± 1.7 - 

APACHE II ≥20 (n=33) 12.3 ± 1.5 <0.001 15.6 ± 2.3 <0.001 

 

Table 04: Correlation of severity scores and CRP with platelet indices and platelet count 

Parameter 1 Parameter 2 r / direction P value 

SOFA score MPV 0.42 0.001 

SOFA score PDW 0.39 0.003 

qSOFA score MPV 0.36 0.006 

qSOFA score PDW 0.34 0.009 

APACHE II score MPV 0.51 <0.001 

APACHE II score PDW 0.47 <0.001 

CRP MPV Positive <0.05 

CRP PDW Positive <0.05 

CRP Platelet count Negative <0.05 

 

Table 05: Red cell distribution width (RDW): association with severity indicators, clinical outcome, and trend over time 

Parameter 
Normal RDW 

(n=38) 

Elevated RDW 

(n=52) 
P value 

Clinical improvement, n (%) 30 (78.9) 46 (88.5) - 

Worsened, n (%) 5 (13.2) 2 (3.8) - 

Death, n (%) 3 (7.9) 4 (7.7) NS 

Duration of ICU stay, days (mean ± SD) 5.8 ± 2.1 9.2 ± 3.6 <0.05 

Ventilator requirement, % 26.3 53.8 <0.05 

Trend of mean RDW over time: Admission 15.6 ± 1.8%; 24 hours 15.1 ± 1.6%; 72 hours 14.6 ± 1.4%  

(p < 0.05 for decline over time). 

 

Table 06: Clinical outcome according to platelet count category and platelet index status 

Category Improved n (%) Worsened n (%) Death n (%) 

Thrombocytopenia (n=54) 44 (81.5) 5 (9.3) 5 (9.3) 

Normal platelet count (n=29) 26 (89.7) 2 (6.9) 1 (3.4) 
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Category Improved n (%) Worsened n (%) Death n (%) 

Thrombocytosis (n=7) 5 (71.4) 1 (14.3) 1 (14.3) 

Elevated MPV / PDW (n=48) 33 (68.8) 8 (16.7) 7 (14.5) 

Normal MPV / PDW (n=42) 40 (95.2) 1 (2.4) 1 (2.4) 

 

DISCUSSION 

In this cohort of 90 patients with severe sepsis, more than 70% 

were older than 40 years and there was a mild male 

predominance, a pattern consistent with several previous 

reports [15, 16]. Advancing age is associated with 

immunosenescence, greater comorbidity burden and reduced 

haematopoietic reserve, all of which are likely to exaggerate 

platelet consumption and activation in sepsis; comparator 

studies have similarly reported more pronounced 

abnormalities in platelet indices and higher mortality in older 

patients [10, 16]. The high prevalence of classical systemic 

inflammatory response features at admission - fever or 

hypothermia, tachycardia, tachypnoea and leucocyte 

abnormalities - reflects a robust early inflammatory response 

that, in this and other cohorts, runs in parallel with the 

haematological derangements central to this study.[10,15] The 

respiratory and urinary tracts were the leading identifiable 

sources of infection, in keeping with previously reported 

distributions of the focus of sepsis in similar hospital-based 

cohorts. Thrombocytopenia was the most common 

haematological abnormality in this study and, consistent with 

prior work, was associated with poorer clinical outcome 

[10,15,17]. Sepsis-associated thrombocytopenia arises from a 

combination of increased peripheral consumption at sites of 

endothelial injury, immune-mediated destruction, 

sequestration and, in more severe cases, bone-marrow 

suppression by circulating cytokines [6,8,10]. The concurrent 

rise in MPV observed in patients with lower platelet counts is 

consistent with a compensatory release of larger, younger 

platelets from the marrow, a pattern also described by Guclu et 

al. and Gupta et al [10,15]. 

MPV and PDW both showed a graded, statistically significant 

association with disease severity in this study, rising with 

increasing SOFA, qSOFA and APACHE II scores and correlating 

positively with CRP. This is in keeping with a substantial body 

of literature: Zhang et al. reported that a higher MPV-to-

platelet-count ratio independently predicted ICU mortality in 

sepsis;[16] Samuel et al., Sharma et al. and Taha et al. found 

that persistently elevated MPV during follow-up carried a 

worse prognosis than an isolated admission value;[18-20] and 

the systematic review and meta-analysis by Tajarernmuang et 

al. confirmed that a rising MPV trend was more predictive of 

death than a single baseline measurement across a range of 

critically ill populations.[21] Similar associations between 

elevated MPV and adverse outcome have been reported in 

paediatric sepsis by Sayed et al., and in broader critically ill 

populations by Kim et al. and Zampieri et al.[17,22,11] 

Mechanistically, larger, more reactive platelets carry higher 

concentrations of thromboxane A₂ and β-thromboglobulin, and 

cytokine-driven megakaryopoiesis in sepsis favours their 

release into the circulation, providing a biological basis for the 

association between MPV, PDW and severity observed here 

and elsewhere.[9,10] PDW, which captures the heterogeneity 

rather than the mean of platelet volume, behaves similarly and 

has been reported by Gupta et al. and Guclu et al. to rise even 

before overt thrombocytopenia becomes apparent, suggesting 

a potential role as an early marker of platelet activation.[10,15] 

Although plateletcrit was not analysed as an independent 

endpoint in every comparator study, the pattern observed in 

this cohort - a falling platelet count with rising MPV - implies a 

net reduction in total circulating platelet mass in patients with 

more severe disease, consistent with reports by Gupta et al. 

and Mangalesh et al. that reduced PCT tracks closely with 

disease severity and mortality.[15,23] This finding underlines 

that platelet count, MPV and PCT provide complementary 

rather than redundant information, since a normal platelet 

count with elevated MPV may still indicate significant platelet 

turnover. 

RDW was elevated in the majority of patients in this study and 

was associated with a longer ICU stay and a greater need for 

ventilatory support, findings that align with those of Torres et 

al. and Krishna et al., who reported RDW to be an independent 

predictor of adverse outcome in sepsis, including after 

adjustment for established severity scores.[12,13] The 

biological basis for this relationship is multifactorial: pro-

inflammatory cytokines such as interleukin-6 and tumour 

necrosis factor-alpha impair erythroid maturation and iron 

handling, while oxidative stress shortens red-cell lifespan and 

increases anisocytosis, together producing the rise in RDW 

seen with worsening systemic inflammation.[12,24] The 

progressive fall in RDW over 72 hours observed in this cohort, 

paralleling the fall in MPV and PDW, suggests that serial rather 

than single measurements may better capture the trajectory of 

illness, an observation also made for MPV by Tajarernmuang et 

al. and for combined red-cell and platelet indices by Dubey et 

al.[21,25] Notably, while elevated RDW in this study was 

associated with greater illness severity, it was not 

independently associated with mortality, in contrast to the 

platelet indices; this may reflect the relatively small number of 

deaths in this cohort and warrants confirmation in larger 

studies. 

The correlation between CRP and platelet indices observed 

here - positive with MPV and PDW, negative with platelet count 

- supports the concept that CRP-reflected inflammatory burden 

and platelet activation/consumption evolve together during 

sepsis, a relationship also described by Gupta et al. and Maricar 

et al.[15,26] Because CRP indicates the magnitude of 

inflammation while platelet indices and RDW additionally 

capture platelet turnover and marrow/erythrocyte stress, their 

combined interpretation is likely to provide more complete 

prognostic information than any parameter used in isolation, a 

conclusion supported by Kumar et al., who found progressively 
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worse platelet-index profiles across sepsis, severe sepsis and 

septic shock [27]. 

Taken together, these findings support the clinical utility of a 

simple, complete-blood-count-based panel - platelet count, 

MPV, PDW, PCT and RDW - interpreted alongside CRP, for early 

risk stratification in severe sepsis. Because all of these 

parameters are generated automatically by routine automated 

haematology analysers at negligible additional cost, this 

approach is particularly attractive in resource-limited settings 

where advanced biomarkers, serial lactate measurement or 

dedicated severity-score calculation may not be readily 

available, a point also emphasised by Saharia et al., Yadav et al. 

and Gao et al. in similarly designed studies [28-30]. 

Strengths and limitations 

This study systematically evaluated multiple platelet indices 

and RDW together, rather than relying on a single parameter, 

and correlated them with three independent, validated severity 

scores as well as with clinical outcome, using standardised 

sepsis diagnostic criteria. It is, however, a single-centre study 

with a modest sample size (n = 90), which limited subgroup 

analysis and precluded multivariate adjustment for potential 

confounders such as comorbidities. Platelet indices and RDW 

were not measured beyond 72 hours, and CRP was the only 

inflammatory marker used, without comparison to 

procalcitonin or interleukin-6. These limitations should be 

addressed in larger, multicentre studies with longer serial 

follow-up. 

 

CONCLUSION 

Platelet count, platelet indices (MPV, PDW, PCT) and RDW - 

parameters obtainable from a single, inexpensive complete 

blood count - correlated significantly with validated severity 

scores (SOFA, qSOFA, APACHE II) and with clinical outcome in 

this cohort of patients with severe sepsis. Thrombocytopenia 

with elevated MPV and PDW, reduced PCT, and elevated RDW 

characterised patients with more severe disease and poorer 

outcome. When interpreted together with CRP, these routinely 

available haematological parameters provide a practical, cost-

effective tool for early risk stratification in severe sepsis, and 

may be particularly valuable in resource-limited settings where 

advanced biomarkers are not readily accessible. Larger, 

multicentre studies with serial measurements are warranted to 

validate and refine their prognostic role. 
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