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CLINICAL STUDY

Does mean platelet volume/lymphocyte count ratio associate
with frailty in type 2 diabetes mellitus?
Bilgin S, Aktas G, Kahveci G, Atak Tel BM, Kurtkulagi O, Taslamacioglu Duman T
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ABSTRACT
OBJECTIVES: Frailty is a common problem in patients with type 2 diabetes mellitus (T2DM). It is considered
to be associated with inflammation. Novel markers derived from hemogram, such as neutrophil/lymphocyte
ratio (NLR) and mean platelet volume/lymphocyte ratio (MPVLR), are proposed as inflammatory markers. In
present study, we aimed to compare NLR and MPVLR levels of frail patients with T2DM to non-frail diabetic
subjects.
METHODS: Diabetic subjects were grouped in frail and non-frail groups according to the Edmonton Frail
Scale. General characteristics and laboratory data of the frail and non-frail groups were compared.
RESULTS: The MPVLR of the frail (3.9 [1.4–13.2] %) group was significantly higher than that of the non-frail
(3.4 [1.5–6.9] %) group (p = 0.02). MPVLR was positively and significantly correlated with Edmonton Frail
Scale score (r = 0.21, p = 0.03). A MPVLR level greater than 3.41 % has 71 % sensitivity and 51 % specifity
in predicting frailty.
CONCLUSION: We suggest that elevated MPVLR could be a finding that marks frailty in diabetic subjects.
Inexpensive and easy-to-assess nature of the MPVLR may be useful in predicting frailty in type 2 diabetic
population (Tab. 2, Fig. 1, Ref. 32). Text in PDF www.elis.sk
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Introduction

Methods

Type 2 diabetes mellitus (T2DM) is one of the chronic diseases that are reaching the epidemic level all over the world (1).
It is possible to reduce complications by reducing glycated hemoglobin (HbA1c) levels below %7, which is the target of treatment
in T2DM (2, 3). Glycemic targets may be higher for elderly patients or patients with comorbidity (4). There are several studies
showing that there is a relationship between diabetic regulation
and neutrophil-to-lymphocyte ratio (NLR) and mean platelet volume-to-lymphocyte ratio (MLR) (5–8). Frailty is a general name
for the situation resulting from the breakdown of many systems
due to the decrease in the homeostatic system and flexibility (9,
10). Edmonton Frail Scale tests vulnerability in older people. The
resulting score ranges from 0 to 17 and classifies subjects as being
not frail, apparently vulnerable, slightly frail, moderately frail and
severely frail (11). There is a relationship between Edmonton Frail
Scale, HbA1c levels and duration of diabetes (12).
In present study, we aimed to compare MPVLR and NLR levels
of the frail and non-frail type 2 diabetic subjects. We also aimed
to study whether these parameters predict frailty.

Study population
After obtaining approval of the local ethics committee (approval
number: 2020/167) we retrospectively analyzed data of subjects
with T2DM who showed up in outpatient internal medicine clinics
of our institution. Patients with active infection, chronic inflammatory disease (i.e. rheumatoid arthritis), cancer, and pregnancy
were excluded from the study. Remaining subjects were grouped
into two groups either as frail or non-frail according to the Edmonton Frail Scale score.
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Laboratory Analyses
Age, gender, height, body weight, waist circumference, and
duration of T2DM were noted. Laboratory indices, including,
HbA1c, fasting plasma glucose (FPG), blood urea, creatinine, uric
acid, glomerular filtration rate (GFR), c-reactive protein (CRP),
serum albumin, serum lipids (triglyceride and total, HDL and LDL
cholesterols), and hemogram parameters: Hb, neutrophil count,
lymphocyte count and mean platelet volume were obtained from
the database and patients’ files and recorded. Edmonton Frail Scale
scores of all participants were recorded. Patients with an HbA1c
level lower than 7% are assigned as well-controlled diabetics and
the remaining subjects were assigned as poorly controlled diabetics. The presence of coronary heart disease, peripheral arterial
disease, cerebrovascular disease, diabetic retinopathy, and nephropathy were also noted. The body mass index was calculated
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by dividing weight in kilograms by square of height in meters.
NLR was calculated by simple division of neutrophil count by
lymphocyte count. MPVLR was calculated by dividing MPV by
lymphocyte count. General characteristics and laboratory data of
the frail and non-frail groups were compared.

(p = 0.13). The frail group consisted of 27 women and 15 men
while the non-frail group consisted of 30 women and 36 men (p
= 0.06). Age and gender of the frail and non-frail groups were not
statistically different.
Blood urea (p = 0.20), creatinine (p = 0.96), FPG (p = 0.06),
CRP (p = 0.93), HbA1c (p = 0.06), body weight (p = 0.25), waist
Statistical analyses
circumference (p = 0.68), BMI (p = 0.24) of the frail and non-frail
The distribution of variables in study groups was analyzed
groups were not statistically different. Total cholesterol (p = 0.28),
with Kolmogorov Smirnov test. Variables with normal distribuLDL (p = 0.2), urea (p = 0.2), creatinine (p = 0.96) and diabetes
tion were expressed as mean ± standard deviation and compared
duration (p = 0.79) of the frail and non-frail groups were also not
by independent samples t-test. Variables without normal distribustatistically different. Hb (p = 0.04), GFR (p = 0.01), HDL (p =
tion were expressed as median (min.–max.) and compared with
0.02), albumin (p = 0.001), and triglyceride (p = 0.045) levels of
Mann-Whitney U test. The comparison of categorical variables
the frail and non-frail groups were statistically different. General
was conducted with chi-square test. The correlation between study
characteristics and laboratory data of the frail and non-frail groups
variables was analyzed with Spearman’s correlation analysis test.
are summarized in Table 1.
The value of MPVLR predictive of frailty in diabetics was analyzed
The rates of well- and poorly controlled diabetics in frail and
by receiver operative characteristics (ROC) test. A p value lower
non-frail groups were not statistically different (p = 0.91). The
than 0.05 was considered statistically significant.
number of diabetics with nephropathy was similar in frail and
non-frail groups (p = 0.11). The rates of coronary heart disease (p
Results
= 0.8) and peripheral arterial disease (p = 0.26) were also similar
in study groups. Diabetic neuropathy (p = 0.01), diabetic retinopaStudy population consisted of 108 subjects; 42 were in frail
thy (p = 0.03) and cerebrovascular diseases (p = 0.03) were more
and 66 in non-frail groups. Median age of the frail and non-frail
common in the frail group compared to non-frail group. Table 2
groups were 65 (50–78) years and 62 (50–79) years, respectively
shows the rate of accompanied conditions in frail and -frail groups.
Although NLR of the frail (1.98 [0.5–
4] %) and non-frail (2 [0.8–4.8] %) groups
were not statistically different (p = 0.37),
Tab. 1. General characteristics and laboratory data of the study population.
MPVLR of the frail group (3.9 [1.4–13.2]
Frail group
Non-frail group
p
%) was significantly higher than that of the
Men (n, %)
15
36
0.06
non-frail group (3.4 [1.5–6.9] %; p = 0.02).
Women (n, %)
27
30
In correlation analysis, MPVLR was
Mean±SD
found to be positively and significantly corWeight (kg)
80±17
83±12
0.25
BMI (kg/m2)
32.2±6.3
30.9±5.2
0.24
related with Edmonton Frail Score of the
Waist circumference (cm)
106±13
105±11
0.68
participants (r = 0.21, p = 0.03).
0.04
Hb (g/dL)
13±1.7
13.7±1.7
The ROC analysis revealed that MPVHbA1c (%)
8.4±2.4
7.7±1.5
0.06
LR levels greater than 3.41% have 71 %
0.01
GFR (%)
74±16
83±16
0.02
HDL (mg/dL)
50±16
44±11
sensitivity and 51 % specifity in predicting
LDL (mg/dL)
102±35
111±35
0.2
frailty (AUC: 0.63 [95% CI: 0.52–0.74]; p
Median (Min.–Max.)
= 0.02) (Fig. 1).
Age (years)
Duration of T2DM (years)
Edmonton score (points)
FPG (mg/dL)
Albumin (g/dL)
Triglyceride (mg/dL)
CRP (mg/L)
NLR (%)
MPVLR (%)

65 (50–78)
10 (1–40)
9 (7–13)
143 (92–506)
4.3 (3.4–4.7)
124 (36–588)
3.8 (0.1–18.5)
1.98 (0.5–4)
3.9 (1.4–13.2)

62 (50–79)
9.5 (1–35)
4 (1–6)
134 (80–370)
4.4 (2.9–4.9)
159 (59–408)
3.6 (0.1–49)
2 (0.8–4.8)
3.4 (1.5–6.9)

0.13
0.79
<0.001
0.06
0.001
0.045
0.93
0.37
0.02

Tab. 2. Accompanied conditions in frail and non-frail groups.

Diabetic neuropathy
Diabetic retinopathy
Cerebrovascular disease

Present (n, %)
Absent (n, %)
Present (n, %)
Absent (n, %)
Present (n, %)
Absent (n, %)

Frail group
12 (29%)
30 (71%)
14 (33%)
28 (67%)
3 (7%)
39 (93%)

Non-frail group
6 (9%)
60 (91%)
10 (15%)
56 (85%)
0 (0%)
66 (100%)

p
0.01
0.03
0.03

Discussion
Present study showed that MPVLR of
frail type 2 diabetic subjects was significantly higher than the MPVLR of non-frail
diabetic patients. In addition, MPVLR was
significantly and positively correlated with
Edmonton Frail Scale point of the participants and predicts frailty with high sensitivity and moderate specificity over the 3.41%
threshold.
Associations between inflammatory
markers and frailty are being studied in recent works in literature. Elevated levels of
interleukin-6 and CRP were suggested to
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condition. Therefore, the results of our study are not in conflict
with knowledge reported in literature.
We shall speculate about why MPVLR increases with frailty
in diabetic patients. MPV and lymphocyte count, contributors of
MPVLR, are associated with inflammatory conditions. Increased
MPV levels have been reported in chronic prostatitis (20), liver steatosis (21, 22), diabetes mellitus (23), thyroiditis (24), rheumatoid
arthritis (25–27), herniated lumbar disc pathologies (28), obesity
(29), and inflammatory bowel disease (30). As the inflammatory
burden accompanies frailty, MPV of the frail diabetic subjects in
our report could be increased and thus be the factor contributing
to the elevation of MPVLR. Moreover, a decrease in lymphocyte
count was reported to occur during systemic inflammation (31,
32), which could also contribute to the elevation of MPVLR in
present study.
A relatively small study cohort and retrospective design of the
study are two important limitations of the present work. However,
to the best of our knowledge, this is the first report on the association between MPVLR and frailty in type 2 diabetic subjects.
Fig. 1. ROC curve of MPVLR in predicting frailty.

be indicators of frailty in the elderly (13). Inflammation in older
population, referred to as inflammageing, was suggested to be
related with sarcopenia and frailty in humans (13, 14). Hemogram-derived inflammatory markers were also studied in frailty.
Authors reported that NLR and red cell distribution width were
weakly correlated with frailty in subjects with coronary heart
disease (15). In another study, it was concluded that in patients
with cancer, the NLR was correlated with Carolina Frailty index,
another scale for determining frailty (16). However, NLR levels of
the frail and non-frail diabetic subjects were not statistically different in the present report. Moreover, NLR did not correlate with
the frailty score determined by Edmonton Frail Scale.
Studies in literature reported elevated MPVLR in various inflammatory diseases. High MPVLR was suggested to be helpful
in the diagnosis of acute appendicitis (17). On the other hand, a
decrease in MPVLR has been reported to be useful in predicting
coronary artery lesions in Kawasaki disease (18). In 2016, Hudzik
et al found that diabetic patients with increased MPVLR had worse
angiographic features than those without increased MPVLR, while
MPVLR could be an independent risk factor of mortality in those
patients (8). MPVLR levels of type 2 diabetic subjects were studied
while elevated MPVLR has been reported in subjects with diabetic
nephropathy compared to those without diabetic nephropathy (7).
Moreover, a significant and positive correlation between HbA1c
and MPVLR has been confirmed (6). Interestingly, MPVLR was
proposed as a predictor of poor outcome in subjects with ischemic
stroke (19). Accordingly, in the present study, we reported elevated
MPVLR levels in frail subjects as compared to non-frail diabetic
patients, however, the correlation between MPVLR and HbA1c
was not significant, possibly due to small study population. Since
inflammatory markers are higher in frail subjects as compared to
those without frailty, one can deduce that frailty is an inflammatory
118

Conclusion
We suggest that elevated MPVLR could be a finding that
marks frailty in diabetic subjects. Inexpensive and easy-to-assess
nature of MPVLR may be useful in predicting frailty in type 2
diabetic population.
Learning Points
Evaluation of frailty in patients with T2DM by MPVLR is
recommended since it is an easy-to-assess and inexpensive tool.
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