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Introduction

Patients with physical complaints without known causes 
often experience severely annoying physical conditions that 
can lead to long-term distress. Patients with these com-
plaints and without a diagnosis after comprehensive screen-
ing diagnostic tests are often not sufficiently managed,1 
possibly due to the absence of reliable laboratory markers 
for the diagnosis and follow-up of patient conditions. 
Patients with these complaints are often given a diagnosis of 
exclusion, such as psychosomatic disorder, somatoform dis-
order, chronic fatigue syndrome, fibromyalgia, psychogenic 
fever, irritable bowel syndrome, autonomic nervous system 
dysfunction, or panic disorders.2–4 Most of these exclusion 

diagnoses currently lack established disease-specific diag-
nostic laboratory markers or specific disease mechanisms. 
Furthermore, some diseases with unknown causes may 
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overlap in a single patient,5–7 complicating patient manage-
ment. This study aimed to search for potential routine labo-
ratory biomarkers for use in evaluating and managing the 
patients with unknown diagnoses after comprehensive 
screening diagnostic examinations. Thus, we evaluated 
blood cell counts and their derivatives in patients with unex-
plained physical symptoms.

Methods

Enrollment

This study was a retrospective, case-controlled observational 
study. The design of this study is illustrated in Figure 1. 
Patients with physical complaints lasting for more than 
1 month and who visited the Department of General 
Medicine of Tohoku University Hospital between April 
2018 and March 2021 were initially recruited. From these 
patients, those who were suffered from unexplained physi-
cal complaints lasting for more than 1 month without certain 
causes after subsequent comprehensive screening tests and 
diagnostic examinations were included in the following 
analyses. The exclusion criteria include (1) patients who 
were later given definite diagnoses based on disease-spe-
cific diagnostic objective findings (e.g. laboratory diagnos-
tic markers or organic lesions identified with imaging tests), 
(2) patients with elevated serum C-reactive protein (CRP) 
levels ⩾ 0.30 mg/dL, and (3) patients who had been already 

treated by steroids or other immunosuppressants before 
being consulted to our hospital. Those who were with ele-
vated CRP levels or treated by immunosuppressants were 
excluded to avoid potential bias in the subsequent analyses 
using white blood cell (WBC) count could due to possible 
systemic inflammation of uncertain clinical significance.8 
To compare blood test data, age- and sex-matched healthy 
volunteers whose blood samples were evaluated at the same 
university hospital, selected from 2492 healthy volunteers 
who fulfilled the enrollment criteria in this study, were 
recruited as the healthy control (HC) group. Propensity 
score matching was used to select matched control partici-
pants, and the age and sex were used as explanatory varia-
bles. Propensity scores were calculated using a multivariate 
logistic regression model. The profile of the entire popula-
tion of healthy volunteers was reported previously.9,10

Evaluated data

Blood cell count data obtained at the first hospital visit, 
including the total WBC, red blood cell (RBC), platelet, and 
differential WBC counts for five WBC subtypes (neutro-
phils, lymphocytes, monocytes, eosinophils, and basophils), 
were evaluated. Using these specific and differentiated WBC 
counts, the neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte 
ratio (MLR) were determined according to the following 
formulas

Figure 1. Flow diagram of the study design. Hemogram data were compared between 228 adult patients with unexplained physical 
complaints and 228 age- and sex-matched HCs. The data were further evaluated within the former group to identify associations 
between hemogram data and unexplained prolonged symptoms.
HC: healthy control; WBC: white blood cell; CRP: C-reactive protein.
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In addition to these blood test data, detailed clinical mani-
festations of patients in the symptomatic group were further 
investigated. The most common unexplained complaints 
included fatigability, slight fever (37.0°C–37.9°C), wide-
spread systemic pain, abnormal bowel habits, and cough. 
Based on the combinations of unexplained physical com-
plaints, the symptomatic group was further divided into 
patients with unexplained single focal physical complaint, 
localized to one organ system, and those with nonfocal phys-
ical complaints.

Statistical analyses

Based on a priori sample size calculation, a sample of 200 
participants in each group was required to detect the weak 
effect size of d = 0.20 with a power (1−β) of 0.80 and α = 0.05. 
The same to detect the moderate effect size of d = 0.50 with a 
power of 0.80 and α = 0.05 was 34 participants in each group. 
Comparisons of the quantitative variables between the two 
groups were performed using Student’s t-test or Mann–
Whitney U test according to the distribution patterns of the 
variables. Comparisons of qualitative data between the two 
groups were performed using the chi-square or Fisher’s exact 
tests. Comparisons of MLR values for the common nonfocal 
complaints among the symptomatic patients, together with 
age- and sex-matched HCs, were performed using analysis 
of variance (ANOVA), followed by Tukey’s post hoc tests. 
The correlations between two quantitative variables were 
evaluated using Spearman’s correlation coefficient (ρ), 
followed by the tests of no correlation. As approximately 10 
types of blood cell count and derivatives were simultane-
ously compared, p < 0.005 was considered statistically sig-
nificant.11 To visually confirm the different profiles of the 
differential WBC counts between the groups, discriminant 
analysis was performed using the five differential WBC 
counts as covariates and the disease groups as the categorical 
variable, followed by a canonical plot of the WBC differen-
tial counts by disease groups. Statistical analyses were 
performed using R Statistical Software (version 4.0.5; R 
Foundation, Vienna, Austria) and JMP Pro 16.0 (SAS 
Institute Inc., NC, USA).

Ethics

This study was approved by the Institutional Review Board 
of the Tohoku University Hospital School of Medicine 

(Approval No. 2020-4-072). All procedures were performed 
in accordance with the current version of the Declaration of 
Helsinki, revised in 2013. Written informed consent from the 
HCs was obtained from all enrolled volunteers. Written 
informed consent from the patient group was waived by the 
Institutional Review Board, and informed consent was 
secured by an opt-out manner.

Results

Participants

A total of 2852 patients (1271 men and 1581 women) who 
visited our department with miscellaneous complaints dur-
ing the study period were initially recruited. After excluding 
ineligible patients based on the inclusion criteria, we enrolled 
228 adult patients aged < 65 years (67 men and 161 women) 
without disease-specific objective diagnostic findings after 
comprehensive screening diagnostic tests and who were sub-
sequently diagnosed with one or more of the aforementioned 
exclusion diagnoses. More specifically, patients with pro-
longed fatigability were confirmed to be negative for serum 
immunoglobulin M (IgM) antibodies for Epstein–Barr virus 
and cytomegalovirus,12 while patients with prolonged slight 
fever were confirmed to be negative for blood cultures. Data 
were also obtained from 228 age- and sex-matched HCs 
(67 men and 161 women) without notable medical histories 
from among the whole 2492 healthy volunteers.

The demographic features and measured counts for each 
blood cell subtype in the symptomatic and HC groups are 
summarized in Table 1. Using the statistical significance of 
p < 0.005, only circulating monocyte count (p = 0.0014), 
basophil count (p = 0.0023), NLR (p = 0.0042), and MLR 
(p < 0.0001) differ significantly between the groups. 
Spearman’s ρ value between age and MLR was −0.06 
(p = 0.3304) in HCs and + 0.03 (p = 0.6307) in the sympto-
matic group, suggesting that MLR was not influenced by 
age. The histograms for the MLR values in the 2492 healthy 
patients (Figure 2(a)) and 228 patients with unexplained 
physical complaints (Figure 2(b)) showed a higher range of 
values in the symptomatic group. Among the 2492 healthy 
population, 94.1% had MLR < 0.25.

MLR and nonfocal physical symptoms

Next, the clinical symptoms of symptomatic patients with 
elevated MLR levels were investigated. In total, 26 patients 
in the symptomatic group were with an MLR of ⩾0.25. The 
symptoms in these 26 patients included prolonged fatigabil-
ity (10 patients, 38.5%), prolonged slight fever (7, 26.9%), 
widespread pain (8, 30.8%), and abnormal bowel habits with 
frequent diarrhea (6, 23.1%). The clinical profiles of the 
symptomatic patients with MLR ⩾ 0.25 (n = 26) are listed in 
Table 2. In contrast to the patients with elevated MLR, none 
of the 13 patients with low MLR values (< 0.10) showed 
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Table 1. Demographic and laboratory features of the symptomatic and HC groups.

HCs (n = 228) Symptomatic (n = 228) Effect size p-value

Male:female 67:161 67:161 0.00 (φ) 1.0000
Age (years)a 30 (23–37) 30 (23–38) 0.01 (r) 0.9018
TLC (/μL)a 5460 (4580–6400) 5680 (4710–6615) 0.06 (r) 0.2143
DLC (/μL)a

 Neutrophil 3160 (2460–3840) 3390 (2720–4140) 0.09 (r) 0.0479
 Lymphocyte 1780 (1560–2150) 1710 (1450–2080) 0.10 (r) 0.0325
 Monocyte 260 (210–340) 300 (240–350) 0.15 (r) 0.0014
 Eosinophil 130 (70–210) 110 (70–190) 0.09 (r) 0.0634
 Basophil 30 (20–40) 30 (20–50) 0.14 (r) 0.0023
RBC count (104/μL)a 460 (437–498) 461 (432–503) 0.01 (r) 0.8954
Platelet (103/μL)a 248 (212–288) 251 (211–280) 0.01 (r) 0.7716
Derived ratiosa

 NLR 1.73 (1.33–2.24) 1.90 (1.43–2.51) 0.13 (r) 0.0042
 PLR 135 (108–176) 146 (117–175) 0.08 (r) 0.0727
 MLR 0.146 (0.114–0.185) 0.171 (0.135–0.211) 0.20 (r) <0.0001

HC: healthy controls; TLC: total leukocyte count; DLC: differential leukocyte count; RBC: red blood cell; NLR: neutrophil-to-lymphocyte ratio; PLR: 
platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.
Symptomatic group comprised younger adults aged < 65 years with unexplained physical symptoms and with normal serum CRP levels.
aMedian and interquartile range (25–75 percentile).

Figure 2. Histograms of MLR values in the symptomatic and HC groups. Histograms of MLR values in the (a) healthy population 
(n = 2492), (b) age- and sex-matched HC and symptomatic patients, and (c) symptomatic group divided by the presence of nonfocal 
physical complaints, are shown. The distributions are positively skewed in both the symptomatic and HC groups and are higher in the 
symptomatic group. Within the 228 patients in symptomatic group, 63 patients with unexplained nonfocal physical complaints show 
higher MLR values compared to 165 patients with a single unexplained focal symptom.
HC: healthy control; MLR: monocyte-to-lymphocyte ratio.
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fatigability, slight fever, widespread pain, or abnormal bowel 
habits (0.0% for all symptoms).

The histograms of MLR in symptomatic patients with 
unexplained single focal complaints and those with nonfocal 
physical complaints are shown in Figure 2(c). Patients with 
unexplained nonfocal physical symptoms showed higher 
MLRs. The prevalence of nonfocal physical symptoms in the 
subgroups with MLR values ⩾ 0.25, 0.20–0.25, 0.15–0.20, 
0.10–0.15, and < 0.10 was 88.5% (n = 23/26), 39.0% (16/41), 
23.1% (18/78), 8.6% (6/70), and 0.0% (0/13), respectively. 
The distributions of MLR in the presence of the aforemen-
tioned characteristic conditions are shown in Figure 3. The 
basophil count in 228 symptomatic patients was not associ-
ated with any of the above symptoms.

Canonical plot with differential WBC counts

Based on the above findings that the profiles of the differ-
ential WBC counts may differ according to the clinical 

manifestations of symptomatic patients without known dis-
ease causes, a two-dimensional canonical plot was derived 
from discriminant analysis, which employed differential 
WBC counts as covariates and disease group as the cate-
gorical variable (Figure 4). The results did not differ 
between linear and quadratic discriminant analysis. The 
canonical plot showed a clear separation of the 95% confi-
dence ellipse for symptomatic patients with nonfocal phys-
ical symptoms (n = 63) from those for symptomatic patients 
with a single focal complaint (n = 165) and for HCs 
(n = 228).

Discussion

This study examined the WBC count profiles of patients with 
physical complaints without certain causes after comprehen-
sive screening diagnostic examinations. The results showed 
that the counts of most types of blood cells did not differ 
between healthy volunteers and patients with unexplained 

Table 2. Characteristics of 26 patients with unexplained physical symptoms and with MLR > 0.25.

Age, sex MLR Prolonged 
fatigue

Fever Widespread 
pain

Diarrhea ANSD Others

40s, F 0.500 − − + + − Dysphagia, depressed state
20s, F 0.417 + − − + + Sleepiness, vertigo, panic disorder
20s, M 0.400 + − − − − Depressed state
10s, M 0.384 − − − − + Panic disorder, hypertension
20s, F 0.382 − + − − −  
20s, F 0.317 − + − − − Tremor in the hands
30s, F 0.310 + − − − + Vertigo
40s, F 0.309 − − − + − Chest pain, dyspnea, cough, 

headache, depressed state
40s, M 0.302 − − + + + Palpitation, sweating, panic disorder
40s, F 0.299 − + + − − Headache, arthralgia
20s, M 0.294 − − − − − Leg paina

30s, M 0.289 + − − − − Vertigo, depressed state
20s, M 0.284 − − + + − Palpitation, BPD
30s, F 0.282 − − + − − Abdominal pain, BPD
30s, F 0.282 − − + − − BPD
10s, F 0.267 + + − − −  
40s, F 0.266 − − − − − Focal pain in hip jointa

30s, M 0.265 + + − − −  
20s, M 0.263 − − + + − Panic disorder
20s, M 0.260 + − − − − Depressed state
10s, F 0.259 − − − − − Headache, sleepiness, social 

withdrawal
40s, F 0.259 − − + − − Panic disorder, BPD
20s, F 0.259 + − − − − Sleepiness, vertigo, depressed state
10s, F 0.256 − − − − − Palpitations, panic disordera

40s, F 0.253 − − + − −  
50s, F 0.252 + + − − − Depressed state
Rate − 38.5% 26.9% 30.8% 23.1% 15.4%  

MLR: monocyte-to-lymphocyte ratio; ANSD: autonomic nervous system dysfunction; BPD: borderline personality disorder.
aThese three patients were classified into those with unexplained single focal physical symptom.
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physical complaints. Only MLR was slightly higher in the 
patient group. In particular, patients with an MLR > 0.25 
(n = 26, 11.4%) were likely to also show nonfocal physical 
complaints with uncertain causes, with characteristic symp-
toms including fatigability, prolonged slight fever, and wide-
spread pain. In contrast to the symptomatic patients, only 
5.9% of the 2492 healthy participants showed MLR val-
ues > 0.25. Although the statistical difference was not strong, 
these findings implied that a high MLR value may be associ-
ated with the development of unexplained nonfocal physical 
complaints.

Currently, the exact role and clinical significance of  
circulating monocytes in peripheral blood remain largely 
uncertain. Circulating monocytes and differentiated cells in 
peripheral tissues protect the host from intruding microbial 
pathogens and clear waste products on tissue damage.13,14 
Thus, invasion by undiagnosed microbial pathogens may 
explain the elevated MLR in some patients with unexplained 
physical complaints. However, all enrolled patients in this 
study had normal serum CRP levels and had normal find-
ings on comprehensive diagnostic screening tests, including 
antibody tests for Epstein–Barr virus, blood cultures, 

Figure 3. Dot plots for MLR by the presence of each popular symptom. Among the 228 patients with unexplained physical symptoms, 
significant differences in MLR values were confirmed by the presence of fatigability, slight fever, and widespread systemic pain. The 
presence of cough symptoms did not result in a difference in the MLR. Consequently, the MLR values were significantly higher in 
patients with unexplained nonfocal physical symptoms. The shown p-values are the results of Tukey’s post hoc test after the ANOVA.
HC: healthy control; MLR: monocyte-to-lymphocyte ratio.
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whole-body CT imaging, and other relevant diagnostic tests. 
Thus, systemic infectious diseases were less likely. 
Additional studies are needed to determine whether an ele-
vation in MLR could play a role in the development of the 
aforementioned nonfocal conditions, such as fatigue, slight 
fever, or widespread pain.

Another thing to be discussed is the potential roles of 
elevations in the NLR and basophil count, both of which 
were observed in this study, among patients with chronic 
complaints. An elevated NLR has been considered to reflect 
the presence of systemic inflammation from before, but the 
exact role and interpretation of an elevated NLR remain 
undetermined. A previous study suggested that elevated 
NLR might be associated with increased mortality rate 
among medical inpatients with multiple chronic conditions.15 
Furthermore, elevated NLR has been also reported to be pre-
sent among patients with some psychiatric conditions, such 
as schizophrenia, bipolar disorders, bipolar disorders, and 
anxiety disorders.16 These facts imply that elevated NLR 
may have a transdiagnostic pathophysiological effects that 
may be associated with a broad spectrum of clinical manifes-
tations. The exact pathophysiological roles of basophils also 
remain largely uncertain. The least abundance of the baso-
phils among WBC subpopulations and its phenotypic resem-
blance to mast cells could have made research on basophils 
difficult.17 Meanwhile, there are several reports mention-
ing the potential roles of basophils in the early stage of some 
allergic, inflammatory, and autoimmune-related condi-
tions.18–21 Most of the previous studies agree that the primary 
role of basophils would be modulatory actions, rather than 

effector actions. These facts may imply the possible presence 
of a prolonged mild inflammation that is undetected by the 
serum CRP levels in patients with unexplained prolonged 
physical or mental conditions. Future studies are needed to 
determine the potential roles of elevated NLR and basophils 
in the development of unexplained transdiagnostic condi-
tions and the deterioration in the outcomes of physical and 
mental conditions.

A limitation of this study was that it did not evaluate the 
subtypes (i.e. classical/intermediate/non-classical) or levels 
of receptor expression in blood monocytes. Thus, whether 
the observed monocyte predominance was derived from 
inflammatory or anti-inflammatory subsets of monocyte 
remains unknown.22 Another limitation was that a reasonable 
theory explaining the possible relationship between MLR 
and physical complaints is uncertain. A recent study reported 
that blood monocyte levels increased after acute physical 
stress in healthy volunteers, independent of monocyte sub-
types.23 Thus, the MLR may have been secondarily elevated 
due to physical distress. Meanwhile, higher blood monocyte 
and normal WBC counts are correlated with the course in 
some diseases, including cardiovascular and neurological 
diseases.24–27 Intervention studies may be needed to allow 
causal inferences between these variables.

Conclusion

The blood cell count profiles did not differ significantly 
between healthy volunteers and patients with physical com-
plaints without known causes. However, some patients with 

Figure 4. Canonical plots for discriminant analyses of WBC differential counts by disease group. Canonical plots by discriminant 
analysis, using the five differential leukocyte counts as covariates and disease groups as the categorical variable. The obtained plot shows 
a clear separation of the 95% confidence ellipses between patients with focal and nonfocal complaints. Each plot represents data from 
individual enrolled participants, while the filled ellipse represents the 95% confidence ellipse for the multivariate mean in each of the 
disease groups. The variable vectors show the correlations between the response variables and two dimensions of the canonical space.
WBC: white blood cell; CL: confidence limit.
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unexplained nonfocal physical symptoms, such as fatigabil-
ity, slight fever, or widespread pain, were more likely to 
show an elevated MLR of ⩾ 0.25. Further studies are needed 
to determine the possible role of elevated MLR in the devel-
opment of unexplained nonfocal physical complaints.
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