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Abstract. – OBJECTIVE: Our aim is to charac-
terize patients with pruritus in type 2 diabetes, de-
termine independent risk factors and explore the 
impact of the psychological condition of these pa-
tients.

MATERIALS AND METHODS: This is a ret-
rospective study. From October 1, 2020, to Sep-
tember 30, 2021, 944 individuals with T2DM who 
had medical treatment were identified from the 
database. Electronic medical record information 
including patient characteristics, complications, 
laboratory data, and medication usage was ob-
tained from the database. Propensity score match-
ing, univariate analysis and a multivariable logistic 
regression model were used in this study. Based 
on observation, we discussed the psychological 
impact of pruritus on these patients.

RESULTS: There were 97 patients with T2DM 
who suffered from pruritus. After propensity 
score matching based on age, gender, and family 
history of diabetes etc., 97 pairs of subjects were 
matched. 97 patients were categorized as the 
Pruritus group and 97 patients as the Non-pru-
ritus group. In univariate analysis, there were 
5 variables significantly related to pruritus, in-
cluding BMI, absolute eosinophils, percentage of 
eosinophils, diabetic kidney disease, diabetic ret-
inopathy. After multivariable logistic regression, 
BMI (OR 1.094, 95%CI 1.010-1.185) and diabetic 
retinopathy (OR 2.440, 95%CI 1.229-4.847) were 
considered significant. Patients with pruritus in 
T2DM suffer greatly in psychological condition in 
many ways.

CONCLUSIONS: For patients with pruritus 
complicated by T2DM, BMI and diabetic retinop-
athy may be independent risk factors. Mental 
health problems such as anxiety and depression 
might exacerbate by pruritus. The intimate part-
ner relationship was also challenged due to the 
restless sleep caused by their partner. Frequent 
monitoring of BMI and diabetic retinopathy and 
psychological assessment may be warranted in 
these patients. 
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Introduction

Diabetes Mellitus is a global epidemic. The In-
ternational Diabetes Federation (IDF) estimates 
that about 537 million people had diabetes global-
ly in 2021. China is the top epicenter of the global 
epidemic of diabetes mellitus. The total number of 
patients with diabetes in China is estimated to be 
14.09 million according to the IDF Atlas 10th edi-
tion1. Pruritus, an unpleasant sensation that pro-
vokes the desire to scratch, is prevalent in patients 
with type 2 diabetes mellitus (T2DM). The prev-
alence of pruritus in patients with diabetes rang-
es from 15.6% to 60.2%2. Patients with pruritus 
suffer a lot, they do not only scratch repeatedly, 
but also pinch or damage their skin with devices, 
which will lead to severe complications, such as 
excoriations, ulcerations, severe infection, necro-
sis, crusts, nodules, atrophy and scars, as well as 
hyper- and hypo-pigmentation of the skin3,4. In ad-
dition, pruritus affects quality of life significantly. 
The intensity of pruritus has been found to be as-
sociated with sleep disturbance, fatigue, social iso-
lation, deficits in attention, memory and cognitive 
speed; some patients have mental health problems, 
such as depression, in response to pruritus, and are 
at significantly higher risk of suicide5-7. Neverthe-
less, specific independent predictors of pruritus in 
type 2 diabetes have not yet been identified. Thus, 
getting a better understanding of the risk factors 
of pruritus in T2DM patients may raise awareness 
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on prevention and management, and improve their 
quality of life. Propensity score matching (PSM) is 
a statistical procedure for reducing bias by assem-
bling a sample in which confounding factors are 
balanced between treatment groups8. Therefore, 
the aim of this study is to determine independent 
risk factors for patients with pruritus in T2DM. 

Materials and Methods

Study Designs and Population
This is a retrospective, propensity score-

matched study. Patients with type 2 diabetes who 
had medical treatment at Shen Zhen Traditional 
Chinese Medicine Hospital between October 1, 
2020, and September 30, 2021, were enrolled. Elec-
tronic medical records of patients were collected 
from the hospital’s clinical database (iMesical HIS 
8.4). According to the diagnosis of pruritus, we 
classified the patients into the pruritus (Pru) group 
and the non-pruritus group (Non-pru). After PSM, 

the associations between multiple potential factors 
and the outcomes were explored in univariable lo-
gistic analyses, including laboratory data, compli-
cations, and medicine usage. Multivariable logistic 
regression models were used to analyze the impact 
of risk factors on pruritus, with the adjustment for 
other variables that were statistically significant in 
the univariable logistic analyses. The flowchart for 
objects of selection is shown in Figure 1.

Inclusion Criteria
(1) aged ≥18 years; (2) have been diagnosed 

with type 2 diabetes mellitus; (3) had medical 
treatment in hospital.

Exclusion Criteria
(1) pruritus in kidney disease; (2) pruritus in 

hepatobiliary diseases (cholestatic pruritus); (3) 
pruritus in malignancy; (4) pruritus in infectious 
diseases; (5) pruritus in neurological diseases; (6) 
pruritus in psychiatric diseases; (7) drug-induced 
chronic pruritus.

Figure 1. Flowchart for cohort selection. Pru: pruritus, Non-pru: Non-pruritus.
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Data Collection
Patients’ data of demographic, laboratory, 

complications, and medication usage were col-
lected from an electronic medical records data-
base by researchers. All data were checked by 
two researchers and a third researcher adjudicat-
ed any difference in interpretation between the 
two primary reviewers. This study was approved 
by the Institutional Review Board of Shenzhen 
Traditional Chinese Medicine Hospital, and the 
requirement for informed consent was waived be-
cause non-identifiable data for patients’ personal 
information were used. All clinical investigations 
were conducted in accordance with the Declara-
tion of Helsinki. 

Statistical Analysis
To control the nonrandom assignment of pa-

tients, One-to-one matching was undertaken by 
the propensity score matching (PSM) method; 
a logistic regression model was constructed and 
used to estimate all patients’ propensity scores. 
Variables used in the model included age, gender, 
heart rates, blood pressure, duration of T2DM, 
and family history of diabetes. The propensity 
score-matching tolerance was 0.2. No replace-
ment was allowed. Matching was performed by 
the minimal adjacent method. We evaluated the 
balances of matched covariates with standardized 
differences and considered differences of less 
than 10% to be matched sufficiently.

All statistical analyses were performed with 
the SPSS 25.0 statistical packages (IBM, Ar-
monk, NY, USA). Continuous data of missing 
were interpolated by mean imputation. Values 
are presented as the mean±standard (SD) de-
viation for data that were normally distributed 
or median and inter-quartile range for data that 
were not normally distributed for continuous 
variables and number (%) for categorical vari-
ables. The Kolmogorov-Smirnov test was used 

to inspect the normality and homogeneity of 
variance of all the data. For the two-group com-
parison, p-values were derived from the one-
way Student’s t-test to determine differences 
between groups with normally distributed data 
and Mann-Whitney non-parametric test with 
other data. For multi-group comparison, p-val-
ues were derived from one-way ANOVA (con-
tinuous variables) or Chi-square test (categori-
cal variables). For all comparisons, p<0.05 was 
considered statistically significant. After PSM, 
Paired t-test was used for continuous data and 
the McNemar test was used for categorical data.

Results

Baseline Characteristics
In the end, we identified 944 individuals with-

in electronic records from the clinical database. 
There were 97 patients with pruritus and 847 
patients without pruritus. In the unmatched co-
hort, the proportion of male patients was 59.2% 
(559/385), and patients’ mean age was 58.13±13.58 
years. The proportion of patients with pruritus 
was 10.28% (97/944), and the proportion of pa-
tients without pruritus was 89.72% (847/944). Ta-
ble I shows the baseline of patients in unmatched. 
After propensity score matching, 97 pairs of sub-
jects were fuzzy matched. 97 patients were cat-
egorized as the Pru group and 97 patients as the 
Non-pru group. In the propensity score-matched 
cohort, the proportion of male patients was 
56.7% (110/194). Patients with pruritus were old-
er (59.32±12.88 vs. 58.82±14.11) and had a longer 
duration of T2DM (median [InterQuartile Range, 
IQR]) 10 years [5 to 19] vs. 10 years [4 to 16]. The 
baseline characteristics of the matched group are 
presented in Table II. As Figure 2 shows, all con-
founding variables are considered properly ad-
justed by propensity score matching. 

Table I. The demographic of patients with pruritus in T2DM before matching.

 Pru (n=97) Non-pru (n=847) t/z/χ2 p Std.Diff

Gender   2.05 0.15 
Male 64 (66.0%) 495 (58.4%)   0.16
Female 33 (34.0%) 352 (41.6%)   -0.16
Heart rate (bpm) 84 (76, 92) 84 (76, 94) -0.20 0.84 0.01
SBP (mmHg) 136 (122,144) 132 (120,145) -1.38 0.17 0.02
DBP (mmHg) 81 (74, 89) 81 (73, 88) -0.72 0.47 0.06
Duration of T2DM (years) 10 (5, 19) 10 (4, 16) -1.27 0.21 0.12
Family history of T2DM (years) 39 (40.2%) 329 (38.8%) 0.07 0.79 -0.03
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Univariate Analysis Results
Among the included 194 patients, univariable 

analyses showed 5 variables were significantly re-
lated to pruritus, including BMI (t=2.64, p=0.01), 
absolute eosinophils (z=-3.11, p=0.00), percentage 
of eosinophils (z=-2.80, p=0.01), diabetic kidney 
disease (χ2=5.26, p=0.02), diabetic retinopathy 
(χ2=7.04, p=0.01). The detailed information is 
shown in Table III.

Multivariable Logistic Regression 
Model Results

After adjusting for BMI, absolute eosinophils, 
percentage of eosinophils, diabetic kidney disease, 
diabetic retinopathy in multivariable logistic re-
gression analyses, BMI (OR 1.094, 95%CI 1.010-

1.185) and DR (OR 2.440, 95%CI 1.229-4.847) 
were independent risk factors for pruritus in pa-
tients with T2DM (p<0.05). All other model co-
variates were not statistically significant (p>0.05). 
The detailed information was shown in Figure 3.

Discussion

This study provided comprehensive data on 
the demographic, laboratory, and complications 
as well as drug usage of patients with pruritus in 
T2DM. According to a previous study9, pruritus 
in T2DM is associated with age, diabetes mellitus 
duration, FPG levels, HbA1c levels, combined hy-
perlipidemia, combined diabetic retinopathy, and 

Table II. The demographic of patients with pruritus in T2DM after matching.

Note: *: p<0.05

 Pru (n=97) Non-pru (n=847) t/z/χ2 p Std.Diff

Age (years) 59.32±12.88 58.82±14.11 0.26 0.80 0.16
Gender   6.80 0.01* 
Male 64 (66.0%) 46 (47.4%)   -0.09
Female 33 (34.0%) 51 (52.6%)   0.09
Heart rate (bpm) 84 (76, 92) 84 (75, 92) -0.25 0.81 -0.09
SBP (mmHg) 136 (122,144) 133 (122.5,145.5) -0.50 0.62 -0.03
DBP (mmHg) 81.65±10.18 79.04±9.31 -1.86 0.06 -0.07
Duration of T2DM (years) 10 (5, 19) 9 (3, 16) 0.94 0.35 0.05

Figure 2. Histogram of propensity value distribution.
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combined diabetic peripheral neuropathy. Differ-
ent from their findings, ours showed that the prev-
alence of pruritus in T2DM was 10.28%, lower 
than previous study2; we also observed BMI and 
DR may be the potential risk factors associated 
with pruritus in patients with T2DM. This differ-
ence might be related to that our study had a larg-
er sample size and we used PSM. It suggests that 
more studies are needed in the real-world study 
to explore the risk factors for patients with skin 
pruritus in T2DM.

Few studies10,11 reported the role of BMI in pa-
tients with pruritus in T2DM predictions, and in 
this study, we showed that the mean BMI of type 
2 diabetes mellitus complicated with skin pruritus 
was 25.45±3.92 kg/m2 and for every 1 kg/m2 in-
crease in BMI, the risk of pruritus in patients with 
T2DM will be increased by 0.09% (OR=1.094, 
p<0.05). Higher BMIs had been shown to nega-
tively influence the skin, as it increases the risk of 
infectious diseases, including candidiasis, inter-
trigo, cellulitis, folliculitis, and gas gangrene12-14. 
In addition, obesity is considered to be a risk of 
intractable dermatosis, the barrier and moisturiz-
ing functions decreased with obesity, and the skin 
was markedly dried and rough, leading to xerosis 
and altered transepidermal water loss (TEWL)15,16. 
Obese-diabetes patients have dry skin due to the 
disrupted skin barrier function10,17. In diabetic 
patients, sudomotor failure is an important man-
ifestation; there was a significant reduction of 

nerve fibers innervating sweat glands and indices 
for parasympathetic nervous activity were lower 
compared with the non-diabetic group, leading 
to impaired cutaneous microcirculatory func-
tion that affects skin barrier homeostasis such as 
dry skin and frequent skin wounds18,19. The high 
BMI of patients with T2DM might be linked to 
stratum corneum (SC) hydration changes and 
exacerbates the skin dryness as well as severer 
cutaneous manifestations. The severities of the 
initial confirmed cases were mostly mild. Thus, 
timely diagnosis and early weight loss support 
can alleviate severe cases. It is reported that about 
70% of patients with diabetes mellitus were over-
weight and obese in China in 202120. Therefore, 
careful monitoring of long-term trends in BMI is 
essential. In 2019, with a focus on disease preven-
tion and health promotion, the State Council of 
China’s cabinet issued a new guideline-Healthy 
China initiative21. The guideline highlights that 
we have to strengthen the health management of 
patients with diabetes mellitus, not only focusing 
on glucose control but also providing professional 
advice on weight management.

In the present study, we observed DR may face 
more risk of pruritus with T2DM. The results of 
our logistic regression analysis revealed that indi-
viduals with DR were nearly 2.5 times more likely 
to have pruritus compared with those without ret-
inopathy. DR can be a powerful predictor of the 
progression of pruritus in diabetic patients. It was 

Figure 3. Multivariable lo-
gistic regression for patients 
with pruritus in T2DM.
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found that diabetic patients with retinopathy and 
neuropathy also more frequently have dermatolog-
ic disease22. Diabetic retinopathy is classified as a 
microvascular disease, which can be considered a 
reliable marker of the deleterious effects of diabe-
tes in an individual because the presence of dia-
betic retinopathy means that microcirculation has 
already been damaged by the diabetic milieu23. DR 
may be a predicted risk factor in pruritic diabet-
ic patients. The reasons might be linked with the 
pathophysiology of DR. Chronic hyperglycaemia, 
advanced glycation end products (AGEs) and ox-
idative stress are the major pathogenetic determi-

nant of diabetic retinopathy and are implicated in 
several cutaneous pathologies. First, hyperglycae-
mia damages cells directly or indirectly. Hyper-
glycemia directly affects the vascular endothelial 
cells and disrupts the proliferation of keratinocytes 
and fibroblasts, leading to skin barrier hardened 
and reduced TEWL24-26. Second, AGEs, which are 
linked to hyperglycemia, cause marked functional 
and structural alterations in human skin27. In the 
epidermis, glycated keratin leads ischaemia, hy-
poxia, yellowish change in skin color, and a de-
crease in water content of the stratum corneum 
(SC), resulting in the reduction of the antioxidant 

Table III. Univariate analysis for patients with pruritus in T2DM.

Note. EO#: absolute eosinophils; EO%: percentage of eosinophils; BASO#: absolute basophilic granulocyte; BASO%: percentage 
of basophilic granulocyte; HbA1c: glycated hemoglobin; FPG: fasting blood glucose; SCr: Serum creatinine; TG: triglycerides; TC: 
total cholesterol; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; FCP: fasting C-peptide; 
P2BG: postprandial 2-hour blood glucose; P2C-P: postprandial 2-hour C-peptide; DKD: Diabetic Kidney Disease; DR: diabetic 
retinopathy; DPN: diabetic peripheral neuropathy; CSII: continuous subcutaneous insulin infusion; CGM: Continuous Glucose 
Monitoring; SUs: sulfonylurea; DPP-4: dipeptidyl peptidase-4; SGLT-2: Sodium-glucose cotransporter protein-2. *: p<0.05

 Non-pru(n=97) Pru (n=97) t/z/χ2 p

BMI (kg/m2) 24.19±3.57 25.45±3.92 2.64 0.01*
Laboratory data    
  EO# 0.13 (0.09,0.23) 0.20 (0.13,0.33) -3.11 0.00*
  EO% 2.10 (1.50,3.10) 2.90 (1.75,4.75) -2.80 0.01*
  BASO# 0.01 (0.00,0.01) 0.01 (0.00,0.01) -0.18 0.86
  BASO% 0.10 (0.00,0.20) 0.10 (0.00,0.20) -0.09 0.93
  HbA1c (%) 8.20 (6.80,10.60) 8.60 (7.15,9.75) -0.25 0.80
  FPG (mmol/L) 7.35 (5.65,9.64) 7.35 (6.13,10.13) 0.66 0.51
  SCr (μmol/L) 69.00 (56.50,89.00) 73.00 (60.00,91.00) -1.40 0.16
  TG (mmol/L) 1.42 (1.00,2.37) 1.56 (1.06,2.79) -1.22 0.22
  TC (mmol/L) 4.44 (3.73,4.95) 4.40 (3.31,5.26) -0.03 0.98
  HDL-C (mmol/L) 1.04 (0.89,1.21) 1.03 (0.85,1.18) -0.58 0.56
  LDL-C (mmol/L) 2.52±0.85 2.58±1.13 0.42 0.68
  FC-P (mmol/L) 1.70±0.90 1.79±1.03 -0.66 0.51
  P2BG (mmol/L) 11.66 (9.33,15.46) 11.32 (9.47,15.62) -0.24 0.81
  P2C-P (mmol/L) 4.41 (2.42,7.28) 3.70 (2.04,6.06) -1.04 0.30
Complications    
  DKD 18 (18.6%) 7 (7.2%) 5.26 0.02*
  DR 36 (37.1%) 18 (18.6%) 7.04 0.01*
  DPN 73 (75.3%) 67 (69.1%) 0.66 0.42
Medication usage    
  CSII 14 (14.4%) 12 (12.4%) 0.05 0.83
  CGM 13 (13.4%) 0 (0%) —— ——
Medication usage    
  Metformin 57 (58.8) 48 (49.5%) 1.72 0.24
  SUs 10 (10.3%) 17 (17.5%) 1.57 0.21
  Glinide 8 (8.2%) 2 (2.1%) 3.13 0.07
  Glycosidase inhibitors 12 (12.4%) 13 (13.4%) 0.00 1.00
  DPP-4 inhibitors 48 (49.5%) 47 (48.5%) 0.02 1.00
  SGLT-2 inhibitors 51 (52.6%) 48 (49.5%) 0.20 0.77
  Insulin therapy 64 (66.0%) 56 (57.7%) 5.94 0.29
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defence system and skin dryness27,28. Third, oxi-
dative stress does not only induce structural and 
functional alterations in the retina29 but also accel-
erates the process of skin aging, aggravating skin 
dryness30. Therefore, we need more approaches, 
such as screening and combination therapy, to de-
crease the damage caused by DR and reduce the 
risk of pruritus complicating type 2 diabetes. 

In daily observations and care, pruritus has a 
substantial impact on psychological conditions. 
Much of the research on pruritus has examined 
the correlation between pruritus and mental health 
problems6,30,31. In order to seek temporary relief from 
itching, patients will ignore medical advice, repeat-
edly scratch, stimulate with hot water or ice, or even 
use sharp instruments such as knives to scrape the 
skin. However, these actions may alleviate the pru-
ritus the first time but will trigger severer pruritus 
as the further destruction of the skin barrier leads 
to a release of pro-inflammatory mediators and neu-
rotrophic mediators and thus to more pruritus32. Se-
verer pruritus can provoke anxiety and depression, 
increasing the risk of self-injury and committing 
suicide. Some afflicted patients had a tendency to 
conceal symptoms during the consultation, they be-
lieved they would be stigmatized, and others might 
look down on them because of their pruritus, even 
if the person was a professional physician or nurse. 
When the lesion was in the scrotum or vulva, some 
patients were too ashamed to tell the truth, only 
when the other person was someone they trusted or 
a professional of the same sex as themselves, they 
would boldly speak out about their skin troubles. As 
a result, there is underdiagnosis. In addition, they 
faced various problems in social interaction. Some 
patients attempted to hide scratch lesions and try 
hard not to scratch when itching attacks in special 
settings such as meetings, dating, and swimming. 
These experiences can reduce self-esteem and 
self-efficacy, aggravating upset, anxiety, and de-
pression. The intimate partner relationship was also 
challenged. In fact, not only the patients with pruri-
tus in T2DM suffer greatly from sleep disturbance, 
but also their intimate partners. Some people com-
plained the restless sleep due to their partner with 
pruritus being tossed and turned in bed all night. In 
order to sleep well, some of them even chose to sleep 
in separate rooms. This can easily lead to quarrels 
in the long run, especially in the current COVID-19 
epidemic period when travel is restricted. Therefore, 
in addition to treating pruritus and T2DM, efforts to 
decrease the impact of negative psychological con-
ditions are of vital importance in order to improve 
the quality of life. 

Conclusions

Our findings demonstrate that BMI and DR 
may be the risk factors for pruritus in patients with 
T2DM, which may also be linked to the develop-
ment and persistence of pruritic diabetes. Apart 
from that, negative psychological conditions also 
have a significant effect on the impact of quality 
of life. These results point out that pruritus man-
agement is urgent. Early prevention, treatment, and 
management are needed to improve the quality of 
life of these patients. There are some limitations of 
our work. In the first place, our study was retrospec-
tive with many confounding factors even though 
the PSM was used to balance the nonrandom as-
signment of patients. There is one more point: 
we used mean imputation to estimate the missing 
values of continuous variables, which may reduce 
the effective value of the data. Last but not least, 
we fail to use quantitative research to explore pa-
tients’ psychological conditions. More multicenter 
cross-sectional studies and prospective studies are 
both highly promising and urgently needed to ex-
plore the effect of more risk factors on pruritus in 
patients with T2DM. In order to explain the causes 
and symptoms of psychological problems in these 
patients and explore the relationship between the 
severity of mental health problems and the degree 
of pruritus, we also need to use a combination of 
qualitative and quantitative research in the future.
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