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 Background: The aim of this study was to explore the relationship between C-reactive protein (CRP) and respiratory diseas-
es in patients with diabetic retinopathy.

 Material/Methods: We identified 855 patients with diabetic retinopathy who met the inclusion criteria from the “Diabetes 
Complications Data Set” in the National Population Health Data Center. We divided patients into 3 groups ac-
cording to CRP tertiles: Q1 (<0.3 mg/dL), Q2 (0.3-0.35 mg/dL), and Q3 (>0.35 mg/dL). A multivariate logistic re-
gression model was used to evaluate the relationship between CRP and respiratory diseases. The area under 
the receiver operating characteristic (ROC) curve was used to investigate the independent predictive effect of 
CRP on respiratory diseases.

 Results: Of the 855 patients with diabetic retinopathy, 137 (16%) had respiratory diseases. Prevalence of respiratory 
diseases gradually increased with an increase in CRP level (P for trend=0.001). With CRP as a continuous vari-
able in the logistic regression model adjusted for confounding factors (model 3), the odds ratio (OR) per 1 stan-
dard deviation increment of CRP was 1.25 (95% CI 1.07-1.45, P=0.004). When the lowest CRP tertile group was 
used as the reference group, the OR of the highest CRP tertile group was 1.99 (95% CI 1.22-1.3.26, P=0.006). 
Adding CRP to the risk factor model increased the area under the ROC curve (0.68 vs 0.65, P=0.017). Subgroup 
analysis showed that the relationship between CRP and respiratory diseases had no potential heterogeneity 
among subgroups.

 Conclusions: CRP can be used as an effective biomarker in predicting risk of respiratory diseases in patients with diabetic 
retinopathy.
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Background

Type 2 diabetes mellitus is characterized by hyperglycemia, in-
sulin resistance, and relative insulin deficiency [1]. In 2015, the 
estimated number of patients with type 2 diabetes worldwide 
reached 392 million (equivalent to approximately 6% of the 
world’s population), including patients in developed and de-
veloping countries [2]. Guidelines for the prevention and treat-
ment of type 2 diabetes mellitus in China show that the prev-
alence is increasing yearly and reached 11.2% in 2017. Type 2 
diabetes mellitus has the second highest prevalence of chronic 
diseases after hypertension. In addition, its comorbidities have 
contributed to the increased disease burden and social burden 
of Chinese residents. Diabetic retinopathy is a medical condi-
tion in which the retina is damaged by diabetes. It is one of 
the leading causes of blindness in developed countries. In the 
United States, diabetic retinopathy is one of the leading causes 
of blindness in people aged 20 to 64 years, accounting for 12% 
of all new cases of blindness each year [3]. A previous study 
showed that the longer the duration of diabetes, the higher the 
chance of diabetic retinopathy occurring as a complication [4].

The mechanism of diabetes comorbidity is as follows. 
Hemodynamic and metabolic disturbances caused by the me-
tabolism lead to impaired functions of macrovascular, micro-
vascular, and inflammatory factors [5]. In recent years, many 
studies have shown that metabolic glucose abnormalities share 
a common pathophysiological background with respiratory dis-
eases [6]. The risk of asthma, chronic obstructive pulmonary dis-
ease (COPD), lung injury, and respiratory infections in patients 
with diabetes is significantly increased [7]. C-reactive protein 
(CRP) is a cyclic pentameric protein found in plasma, and its 
concentration increases with inflammation [8]. Studies have 
suggested that hyperglycemia may stimulate the release of in-
flammatory cytokines [9]. As an inflammatory marker in clinical 
practice, CRP is sensitive and nonspecific [10]. Moreover, it can 
be used as a sensitive indicator for the diagnosis and efficacy 
evaluation of respiratory infections [11]. Nevertheless, the re-
lationship between CRP and respiratory diseases remains un-
clear in patients with type 2 diabetes mellitus and the compli-
cation of retinopathy. In addition, normal concentrations of CRP 
in healthy adults range from 0 to 0.8 mg/dL, whereas there are 
few studies on the CRP range in patients with type 2 diabetes 
mellitus retinopathy (especially those with respiratory diseas-
es as a primary outcome indicator). Therefore, this study aimed 
to explore the relationship between CRP levels and respiratory 
diseases in patients with type 2 diabetes mellitus retinopathy.

Material and Methods

Data for the study were obtained from the “Diabetes 
Complications Data Set” in the National Population Health 

Data Center (https://www.ncmi.cn/). The National Population 
Health Science Data Center was created by more than 20 sci-
entific research institutes, medical institutions, and universities 
in China, including the National Administration of Traditional 
Chinese Medicine, Chinese Center for Disease Control and 
Prevention, and General Hospital of the People’s Liberation 
Army. At present, this data center has collected more than 13 
000 data sets, covering basic medicine, clinical medicine, public 
health, pharmacy, traditional Chinese medicine, and other fields. 
The “Diabetes Complications Data Set” (https://www.ncmi.cn/
phda/dataDetails.do?id=CSTR: A0006.11.A0005.201905.000282) 
includes the data of inpatients with type 2 diabetes collect-
ed by the Chinese People’s Liberation Army General Hospital 
(301 Hospital) from January 1, 2013, to December 31, 2017. 
The original data was cleaned by the 301 Hospital’s data engi-
neers, and the medical instruments used for examination were 
precise and accurate and have a medical device registration 
certificate. This dataset is freely available and includes data 
on 3000 patients with type 2 diabetes (1500 of them with di-
abetic retinopathy) hospitalized in 301 Hospital. We signed a 
data use agreement and obtained approval from the National 
Clinical Medical Science Data Center (301 Hospital).

Type 2 diabetes mellitus was defined according to the 2003 
criteria of the American Diabetes Association [12]. Diabetic 
retinopathy was diagnosed according to the International 
Clinical Diabetic Retinopathy Severity scale using the macu-
la-centred 45° fundus photograph and indirect ophthalmos-
copy when pupils were dilated. Fundus photograph readings 
and examinations were performed by 2 experienced ophthal-
mologists [13]. The main variables considered included gen-
eral demographic information, such as age, and sex; physical 
examination variables, such as body mass index (BMI), systol-
ic blood pressure, and diastolic blood pressure; complications, 
such as hypertension, hyperlipidemia, atherosclerosis, stroke, 
arrhythmia, and lower extremity arteries; and laboratory test 
results, including serum albumin, alkaline phosphatase, as-
partate aminotransferase, glutamyl transpeptidase, glucose, 
high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, serum creatinine, uric acid, total cholesterol, tri-
glyceride, and CRP levels.

The criteria for exclusion were (1) patients with type 2 dia-
betes without retinopathy (n=1500); (2) patients with var-
ious types of tumors (n=78); (3) patients with renal failure 
(n=154); (4) patients who lacked CRP test results as the main 
research indicator (n=413). Finally, a total of 855 patients with 
type 2 diabetic retinopathy met the analysis requirements of 
this study (Figure 1 shows the flow of patients’ inclusion and 
exclusion criteria).

The outcome for this study was whether the patients devel-
oped respiratory diseases after admission, which were identified 
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using the tenth revision of the International Classification of 
Diseases (ICD-10, Ministry of Health Statistical Information 
Center, 2001). Total respiratory disease (ICD-10: J00-99) was 
the only study outcome.

Patients were divided into 3 groups according to the tertiles 
of CRP levels: Q1 (<0.3 mg/dL), Q2 (0.3-0.35 mg/dL), and Q3 
(>0.35 mg/dL). The normality of the data distribution was test-
ed using the Kolmogorov-Smirnov test. Normally distributed 
continuous variables are expressed as mean (standard devi-
ation, SD), and the differences between the 2 groups were 
compared using independent samples t tests. Non-normally 
distributed continuous variables are expressed as median (in-
terquartile range, IQR). The rank sum test was used to compare 
between the 2 groups. Categorical variables are expressed as 
frequency and percentage (%). The chi-square test was used 
for comparison.

The linear trend of CRP levels (tertile groups) and respiratory 
disease prevalence was evaluated using the trend test. The 
independent relationship between CRP levels and respirato-
ry diseases in patients with diabetic retinopathy was evaluat-
ed by logistic regression. Other potential confounding factors 
were adjusted. First, a single factor logistic regression analy-
sis was performed to identify factors associated with respira-
tory diseases. Then, 3 logistic regression models were estab-
lished to clarify the independent association between CRP and 
respiratory diseases, as follows: model 1 (unadjusted), mod-
el 2 (adjusted for age and sex), and model 3 (further adjust-
ed for variables with statistical differences in the univariate 
analysis based on model 2). In the subgroup analysis, 9 sub-
groups were creating by dividing by age (<60 and ³60 years), 
sex, BMI (<24 and ³24 kg/m2), hypertension, hyperlipidemia, 
stroke, coronary heart disease, atherosclerosis, and lower ex-
tremity artery disease. Stratified analyses were performed re-
spectively, and the confounding factors in model 3 were ad-
justed (except for stratification factors). The independent 
prediction of CRP level on respiratory diseases was explored 

by comparing the area under the receiver operator character-
istic curve (ROC AUC).

The R language (version 4.03) was used for data manage-
ment, graphing, and statistical analysis. Two-sided P values 
<0.05 were considered statistically significant for all estimates.

Ethics

This study was based on publicly available data from the 
“Diabetes Complications Data Set” in the National Population 
Health Data Center and did not involve interaction with hu-
man participants or the use of personally identifiable informa-
tion. The study did not require informed consent, and the au-
thor obtained a data use agreement from the National Clinical 
Medical Science Data Center (301 Hospital).

Results

For the 855 patients with diabetic retinopathy included in 
this study, the mean age was 56.7 years (SD, 10.6 years). Men 
accounted for 64.1%. The average level of BMI was 26.5 kg/
m2 (SD, 3.4 kg/m2). A total of 648 patients had hypertension 
(75.7%), 157 had hyperlipidemia (18.3%), 505 had atheroscle-
rosis (85.8%), 87 had stroke (10.1%), 53 had arrhythmia (6.1%), 
and 258 had lower extremity arteries (30.1%). In the group of 
patients with respiratory diseases, the levels of alkaline phos-
phatase, creatinine, uric acid, and CRP were significantly higher 
than those in the patient group without respiratory diseases. 
The serum albumin level was higher in the group of patients 
without respiratory diseases (Table 1).

Among the 855 patients with diabetic retinopathy, 137 patients 
had respiratory diseases (16.0%). The median level of CRP was 
0.32 mg/dL (0.19-0.40, IQR). Figure 2 shows that the overall 
prevalence of respiratory diseases tended to increase signifi-
cantly with the increase of CRP level (P for trend=0.001). The 

3000 patients with type 2
diabetes

1500 patients with type 2 diabetic
retinopathy included in this study

1500 patients without  retinopathy
were excluded

78 patients with all types of cancer were excluded
154 patients with renal failure were excluded
413 patients who had CRP missing CRP 
         measurement were excluded

885 patients with type 2 diabetic
retinopathy eligible for analysis

Figure 1. Patient flow chart.
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prevalence of respiratory diseases was 20.98% in the highest 
CRP tertile group (Q3).

Table 2 shows the odds ratios (ORs) and 95% confidence in-
tervals (CIs) of the relationship between CRP and respiratory 
diseases under different logistic regression models. In the lo-
gistic regression model adjusted for confounding factors (mod-
el 3), the CRP level increased by 1 SD and the OR value was 
1.25 (95% CI 1.07-1.45, P=0.004) when CRP was a continuous 

Characteristics
All patients 

(n=855)
No respiratory 

diseases (n=718)
With respiratory 
diseases (n=137)

P

Age (years)  56.7 (10.6)  56.5 (10.2)  58.1 (12.5) 0.145

Female (n, %)  548 (64.1)  464 (64.6)  84 (61.3) 0.520

BMI(kg/m2)  26.5 (3.4)  26.5 (3.4)  26.7 (3.7) 0.426

Hypertension (n, %)  648 (75.8)  537 (74.8)  111 (81.0) 0.147

Hyperlipidemia (n, %)  157 (18.4)  126 (17.5)  31 (22.6) 0.198

Atherosclerosis (n, %)  505 (40.9)  418 (58.2)  87 (63.5) 0.290

Stroke (n, %)  87 (10.2)  68 (9.5)  19 (13.9) 0.160

Arrhythmia (n, %)  53 (6.2)  42 (5.8)  11 (8.0) 0.438

lower extremity arteries (n, %)  258 (30.2)  220 (30.6)  38 (27.7) 0.564

Systolic blood pressure (mmHg)  140.0 (130.0~157.0)  140.0 (129.3~156.0)  140.0 (130.0~158.0) 0.668

Diastolic blood pressure (mmHg)  80.0 (75.0~90.0)  80.0 (74.0~90.0)  80.0 (76.0~90.0) 0.384

Sserum albumin (g/L)  39.0 (33.9~41.9)  39.4 (34.5~42.1)  36.8 (31.3~40.0) <0.001

Alkaline phosphatise (U/L)  67.2 (56.1~83.4)  65.5 (55.4~80.9)  75.6 (60.7~93.4) <0.001

Aspartate aminotransferase (U/L)  15.7 (12.6~20.0)  15.6 (12.6~19.9)  16.0 (12.3~20.5) 0.953

g-glutamyl transpeptidase (U/L)  22.9 (16.3~35.9)  23.2 (16.3~35.7)  22.0 (16.3~36.0) 0.949

Glucose (mmol/L)  8.1 (5.9~11.0)  8.0 (5.8~10.9)  8.6 (6.1~11.0) 0.509

High-density lipoprotein cholesterol (mmol/L)  1.0 (0.86~1.2)  1.0 (0.86~1.2)  1.1 (0.88~1.2) 0.430

Low-density lipoprotein cholesterol (mmol/L)  2.8 (2.2~3.5)  2.7 (2.2~3.5)  2.9 (2.2~3.8) 0.086

Creatinine (μmol/L)  80.7 (62.2~118.9)  79.2 (61.6~114.1)  91.3 (67.7~140.7) 0.013

Uric acid (μmol/L)  333.1 (271.3~398.2)  330.2 (273.0~398.2)  333.6 (265.2~398.2) 0.784

Total cholesterol (mmol/L)  4.5 (3.8~5.4)  4.4 (3.7~5.4)  4.8 (3.8~5.7) 0.043

Triglyceride (mmol/L)  1.6 (1.1~2.4)  1.6 (1.1~2.4)  1.5 (1.1~2.2) 0.339

CRP (mg/dl)  0.32 (0.19~0.40)  0.32 (0.17~0.35)  0.33 (0.31~0.95) <0.001

Table 1. Characteristics of patients with diabetic retinopathy.

Data are expressed as the mean (standard deviation) for normally distributed data, the median (interquartile range) for nonnormally 
distributed data and the percentage (%) for categorical variables.
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Figure 2.  Prevalence of respiratory diseases based on the tertiles 
of C-reactive protein in patients with type 2 diabetic 
retinopathy.
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variable. There was a significant difference in the risk of respi-
ratory diseases between the highest tertile group (Q3) and the 
lowest tertile group (Q1) for CRP, when CRP was grouped into 
tertiles. The odds ratio was 1.99 (95% CI 1.22-3.26; P=0.006).

When adding CRP level to multivariate models including age, 
sex, hypertension, hyperlipidemia, atherosclerosis, stroke, 

serum albumin, creatinine, and total cholesterol, the ROC AUC 
before and after were 0.65 (95% CI 0.62-0.67) and 0.68 (95% 
CI 0.65-0.70), respectively. The difference was statistically sig-
nificant when comparing the area under the curve (P=0.017), 
as shown in Figure 3.
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Figure 3.  The area under the receiver operating characteristic curve of C-reactive protein in the prediction of respiratory diseases 
among patients with type 2 diabetic retinopathy.

CRP
P for trend

Q1: <0.30 Q2: 0.30~0.35 Q3: >0.35 CRP-continuous

Model
OR (95% CI)

P
OR (95% CI)

P
OR (95% CI)

P
OR (95% CI)

P

Cases/N 30/274 47/295 60/286 137/855

Model 1 Ref
1.54 (0.94, 2.52)

0.084
2.16 (1.34, 3.47)

0.001
1.28 (1.11, 1.48)

0.001
0.001

Model 2 Ref
1.53 (0.94, 2.50)

0.090
2.16 (1.34, 3.47)

0.001
1.29 (1.12, 1.49)

<0.001
0.001

Model 3 Ref
1.51 (0.91, 2.51)

0.114
1.99 (1.22, 3.26)

0.006
1.25 (1.07, 1.45)

0.004
0.006

Table 2.  Odds ratios and 95% confidence intervals of respiratory diseases according to tertiles of C-reactive protein levels among 
patients with type 2 diabetic retinopathy.

Model 1: unadjusted; Model 2: adjusted for age and gender; Model 3: adjusted for age, gender, hypertension, hyperlipidemia, 
atherosclerosis, stroke, serum albumin, creatinine, total cholesterol. When CRP is a continuous variable, the odds ratio is calculated for 
each one standard deviation increase in CRP.
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Figure 4 shows the results when CRP and respiratory disease 
were analyzed in subgroups according to age, sex, BMI, hyper-
tension, hyperlipidemia, stroke, coronary heart disease, ath-
erosclerosis, and lower extremity artery disease. CRP level was 
significantly associated with respiratory diseases in most sub-
groups. However, no significant direct interaction of CRP level 
with any subgroup variables was found (P for interaction >0.05).

Discussion

The major findings of the present study were that CRP level 
was an independent risk factor for respiratory diseases in pa-
tients with diabetic retinopathy. CRP levels were significantly 
positively correlated with the prevalence of respiratory diseas-
es after adjusting for potential confounding factors. Patients 
with CRP levels in the highest tertile group (Q3: >0.35 mg/dL) 
had 1.99 times the risk of respiratory disease than the low-
est tertile group (Q1: <0.30 mg/dL). This association did not 
change under different models and subgroup analyses. In ad-
dition, the model’s ability to predict respiratory diseases was 
improved by adding CRP level to the well-defined risk factor 
models for patients with diabetic retinopathy.

Although a few studies on the relationship between CRP and 
respiratory-related diseases have been reported [14], there 
are very few studies on the relationship between CRP and 
the respiratory system in patients with diabetic retinopathy, 
and in particular, no relevant studies with larger sample sizes 
have been reported in a Chinese patient population. The stud-
ies related to type 2 diabetes have simply linked type 2 dia-
betes with respiratory diseases or linked type 2 diabetic reti-
nopathy with respiratory diseases. Meanwhile, there is a lack 
of studies about the relationship between CRP and respirato-
ry diseases in type 2 diabetic retinopathy [15-17]. Therefore, 
the present study can fill the gaps in this area of research to 
a certain extent, thus providing localized evidence to support 
the prevention and treatment strategies in related fields. Our 
research results also confirm that there is an independent pos-
itive correlation between CRP levels and respiratory diseases 
in patients with diabetic retinopathy in China. Furthermore, 
CRP can be used as a potential biomarker of respiratory dis-
eases in patients with type 2 diabetic retinopathy.

At present, the exact mechanism by which elevated CRP levels 
cause respiratory disease remains unclear. One of the manifes-
tations of chronic respiratory diseases is skeletal muscle dys-
function and emaciation [18]. As the duration of the disease 

Subgroups
Age, years
<60
≥60

Gender
Men
Women
BMI, kg/m2

<24
≥24
Hypertension
No
Yes
Hyperlipidemia
No
Yes
Stroke
No
Yes
Coronary heart disease
No
Yes
Atherosclerosis
No
Yes
Lower extremity artery disease
No
Yes

No. events/No. patinets

68/494
69/361

84/548
53/307

25/171
91/546

26/207
111/648

106/698
31/157

118/768
19/57

96/606
41/249

50/350
87/505

99/597
38/258

OR (95% CI)

1.42 (0.01, 1.98)
1.44 (1.01, 2.06)

1.69 (1.24, 2.32)
1.06 (0.71, 1.57)

1.59 (0.89, 2.82)
1.19 (0.88, 1.60)

1.87 (1.11, 3.17)
1.31 (0.99, 1.72)

1.40 (1.07, 1.83)
1.48 (0.85, 2.60)

1.51 (1.16, 1.96)
0.95 (0.48, 1.90)

1.37 (1.03, 1.81)
1.45 (0.90, 2.33)

1.36 (0.93, 2.00)
1.44 (1.05, 1.97)

1.48 (1.11, 1.96)
1.34 (0.82, 2.21)

P value

0.043
0.044

0.001
0.781

0.114
0.257

0.020
0.056

0.014
0.171

0.002
0.883

0.032
0.127

0.113
0.022

0.007
0.246

P for interaction

0.444

0.085

0.431

0.289

0.891

0.238

0.691

0.614

0.845

0 1 2 3 4 50.5 1.5 2.5 3.5 4.5

Figure 4.  Forest plots of the odds ratios and 95% confidence intervals of C-reactive protein and respiratory diseases in subgroup 
analyses.
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increases, the patient loses exercise endurance, thereby exhib-
iting fatigue and dyspnea at the lowest level of exertion [19]. 
It has been proposed that these symptoms constitute an in-
dependent process that leads to the systemic inflammatory 
burden of the disease [20]. As an acute phase protein, CRP is 
released by hepatocytes, and its elevation can be a sign of the 
severity of systemic inflammation [21]. It has been shown that 
as CRP levels increase, muscle activity increases, and walking 
distance decreases within 6 min [22]. Therefore, the progno-
sis of these patients can be indirectly reflected by CRP levels 
measured under stable conditions.

There were several limitations in this study. First, as an obser-
vational study, the results did not explain the causal relation-
ship between the 2 variables but only speculated on its possi-
ble correlation to a certain extent. Second, data on CRP levels 
at the time of patient admission were used in this study, and 
CRP levels can change over time. This prevented the assess-
ment of relationship between changes in CRP levels over time 
and respiratory diseases. Third, we collected only total respi-
ratory disease outcomes and could not explain the relation-
ship of CRP with specific respiratory diseases, such as COPD 
and other clinical outcomes. Fourth, patients excluded from 
the study due to lack of CRP measurement results may differ 
in some characteristics from those selected, which may have 
caused research bias. Fifth, previous studies have confirmed a 
strong association between CRP and diabetic retinopathy [23]. 
The degree of diabetic retinopathy in the patients may affect 
the level of CRP. The stage of diabetic retinopathy may be an 
important confounding factor in this study. Unfortunately, the 
variable of diabetic retinopathy stage was not collected in this 
dataset. Sixth, although as many covariates as possible that 

affect the relationship between CRP and respiratory diseases 
were collected, there are still other important confounding fac-
tors, including smoking, air pollution, and occupational expo-
sure, that could not be collected. Finally, this study was con-
ducted in a single center with a high level of clinical diagnosis 
and treatment, and people with various characteristics may 
not have been included as research participants. Therefore, 
the results of this study need to be further confirmed by a 
multicenter study.

Conclusions

Elevated CRP levels are independently associated with respira-
tory disease in patients with type 2 diabetic retinopathy. CRP 
can be used as an effective biomarker in the prediction of re-
spiratory disease risk in patients with type 2 diabetic retinop-
athy. The potential mechanisms involved in the relationship 
between CRP and respiratory diseases need to be determined 
through further research.
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