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Abstract. - OBJECTIVE: To explore the as-
sociation between high-sensitivity C-reactive
protein (hs-CRP) concentration and diabetic
nephropathy (DN).

MATERIALS AND METHODS: We systemati-
cally searched Pubmed, Medline and Embase
databases up to September, 2014 for the rele-
vant studies. Heterogeneity across studies was
evaluated by Cochran’s Q test and /? statistic.
The standard mean difference (SMD) and the
corresponding 95% confidence interval (Cl) were
combined to evaluate the effect size. Sensitivity
analysis was also performed by omitting each
study to evaluate the stability of the results. In
addition, publication bias was tested by Egger’s
test.

RESULTS: A total of 11 studies containing 1
331 cases and 1 779 controls were included in
this study. Significant heterogeneities were ob-
served in our results. The result of meta-analy-
sis showed that the hs-CRP concentrations in
DN patients were significantly higher than that
in controls of healthy people and diabetes melli-
tus (DM) patients without nephropathy. In addi-
tion, the hs-CRP concentration in macroalbu-
minuria (D3) group was significantly higher than
that in microalbuminuria (D2) group and non-al-
buminuria group (D1). Sensitivity analysis re-
vealed that the results were stable. As well, no
publication bias was observed in our results.

CONCLUSIONS: We suggest that hs-CRP con-
centration can be an indicator of DN in DM pa-
tients.
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Introduction

Diabetic nephropathy (DN) is a major mi-
crovascular complication of diabetes mellitus
(DM)'. DN is a primary cause of morbidity and

mortality in DM subjects and has become the
leading cause of end-stage renal disease world-
wide??. Many factors including hyperglycemia,
hypertension, hereditary, sedentary lifestyle, obe-
sity, smoking, and advancing age contribute to
the development of DN*°. Inflammation plays an
important role in the pathogenesis of DN. Leuko-
cytes, macrophages and monocytes all involve in
the process of DN%’, and proinflammatory cy-
tokines and inflammatory markers are strongly
associated with the development of DN??.

High-sensitivity C-reactive protein (hs-CRP),
a marker of inflammation, has been reported to
be associated with development of DN, Albu-
minuria is one of the first asymptomatic clinical
features of micro-vascular damage in DM. It has
been shown that the microalbuminuria and
macroalbuminuria are associated with progres-
sive renal function loss'?. Circulating hs-CRP
levels may predict the development of albumin-
uria in some longitudinal studies of type 1 and
type 2 DM patients'"'*. However, the adverse
views persisted no association between hs-CRP
levels and diabetic complications'®.

The association between hs-CRP levels and
the development of DN remains unclear. Thus,
we systematically reviewed the relevant pub-
lished studies and performed a meta-analysis to
evaluate the correlation between hs-CRP levels
and risk of DN. We anticipant that our result can
provide an insight for developing diagnostic
tools of DN.

Materials and Methods

Search Strategy

Pubmed, Medline and Embase databases were
systematically searched up to September, 2014
for the relevant studies. The search terms were:
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“high-sensitivity C-reactive protein” or “hs-
CRP” and “diabetic nephropathy” or “DN” or
“diabetic nephropathies”.

Inclusion and Exclusion Criteria

Some definitions should be explained firstly.
DM was diagnosed on the basis of the World
Health Organization criteria 1. According to uri-
nary albumin excretion rate (UAER), the DM pa-
tients were divided into 3 groups: D1 = normoal-
buminuria (UAER of creatinine: < 30 mg/d or <
20 ug/min), D2 = microalbuminuria (UAER of
creatinine: 30-300 mg/d or 20-200 ug/min) and
D3 = macroalbuminuria (UAER of creatinine: >
300 mg/d or > 200 ug/min). Patients in D2 and D3
groups were considered as DN (case group), while
in D1 group were considered as control group.

The following studies were included: (1) the
design of the study was case-control or prospec-
tive cohort study; (2) the case group was DN pa-
tients, and the control group was healthy people
(those who had no hypertension, metabolic, he-
patic or renal disease) or/and DM patients with-
out nephropathy (DM patients in D1 group); (3)
the studies reported the association between hs-
CRP and DN; (4) the number of cases and con-
trols was provided; (5) the mean values + stan-
dard deviation (SD) of hs-CRP were given.

Reviews, reports, comments and letters were
excluded. In addition, the studies published in a
language other than English were excluded.

Data Extraction and Quality Assessment

The following data were extracted indepen-
dently by two reviewers from the included stud-
ies: name of the first author, publication year,
study year, region of the participants, type of
study, measurement method of hs-CRP, number
of the cases and controls, age, BMI, gender dis-
tribution (male/female), mean duration of DM
and concentration of hs-CRP. The discrepancy
was resolved by discussion with a third reviewer.

The quality of the included studies was as-
sessed by Newcastle-Ottawa Scale (NOS)'®. This
scale contains 8 items, and the total score was 9.
The studies scoring 0-4 represent low quality,
and 5-9 represent high quality’.

Statistical Analysis

When the hs-CRP concentration was marked
by a median and range, two simple formulas
could estimate the mean value using the median
value, range and the sample size. Median can be
considered as mean when the sample size is larg-

er than 25. For moderately sized samples (15 <n
<70), the range/4 is the best estimator for the SD
(variance). For large samples (n > 70), the
range/6 gives the best estimator for the SD (vari-
ance)'®.

Meta-analysis was performed by using R 3.10
software. Heterogeneity across studies was eval-
uated by Cochran’s Q test' and P statistic. p <
0.05 and P > 50% was considered as a signifi-
cant heterogeneity. According to the heterogene-
ity, the estimates of standard mean difference
(SMD) and the corresponding 95% confidence
interval (CI) were combined by a random-effects
model (Dersimonian-Laird method) or a fixed-
effect model (Mantel-Haenszel method), when
appropriate®. Sensitivity analyses were per-
formed by omitting each study. Finally, Egger’s
test were used to evaluate publication bias !, p <
0.05 was considered as statistically significant.

Results

Study Selection

The flow diagram of the study selection was
shown in Figure 1. A total of 249 studies were
searched by the initial retrieve. Then, 168 irrele-
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Figure 1. The flow diagram of selection process of the rel-
evant studies.
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vant studies and 62 duplicate studies were ex-
cluded by browsing titles and abstracts. After
full-text review, 8 studies with unavailable data
were excluded. Finally, 11 studies were included
in this meta-analysis'!?*3!,

The Characteristics of the Included
Studies

As shown in Table I, the included studies were
published from 2005 to 2014, and contained 1
331 cases and 1 779 controls. No significant dif-
ferences were found in BMI and age between
cases and controls. The included studies were
distributed in India, Egypt, Turkey, China, Den-
mark, Spain and Australia. All of the included
studies are case-control studies except the work
of Hansen et al'' which is a prospective cohort
study. Moreover, the score of all included studies
is more than 4, indicating that these studies are
high quality studies.

Meta-Analysis

Comparison of the hs-CRP contents between
case group and control group was shown in Fig-
ure 2A. Significant heterogeneity (P = 96.6%, p
< 0.0001) were observed across studies. Thus,
the random-effects model was used to combine
the estimates. The result showed that hs-CRP
concentrations in case group were significantly
higher than those in control group (SMD = 2.14,
95% CI: 1.60-2.68). Sensitivity analysis showed
that omitting each study had no effect on the
pooled estimates, which indicated that the results
of the analysis were stable (Supplemental Table
I). Egger’s test showed that no publication bias
was observed (t =1.95, p = 0.08).

Comparison of the hs-CRP concentrations be-
tween case group and D1 group was shown in
Figure 2B. As well, random-effects model was
used to combine the estimates because of the sig-
nificant heterogeneity among studies (I? =
97.9%, p < 0.0001). The results showed that the
hs-CRP concentrations patients of case group
were significantly higher than those of D1 group
(SMD = 1.18, 95% CI: 0.41-1.95). Sensitive
analysis indicated that the results were stable
(Supplemental Table IT) and no publication bias
was observed (¢ =2.07, p = 0.08).

Comparison of the hs-CRP concentrations be-
tween D3 group and D2 group showed significant
heterogeneity (I = 75.5%, p = 0.0026, Figure
2C). The hs-CRP concentration in D3 group was
significantly higher than that in D2 group (SMD
= 0.68, 95% CI: 0.34-1.03). Sensitivity analysis

showed that the result was stable (Supplemental
Table III), and Egger’s test revealed that there
was no publication bias (r = 1.12, p = 0.34).

Comparison of the hs-CRP levels between DN
patients in case group and healthy people in con-
trol group was shown in Figure 2D. Random-ef-
fects model was chosen to combine the estimates
because of the high heterogeneity among studies
(P =94.7%, p <0.0001). As a result, the hs-CRP
levels in DN patients were much more than those
in healthy people (SMD = 2.68, 95% CI: 1.82-
3.53). Sensitivity analysis showed that the result
was stable (Supplemental Table IV), and Egger’s
test revealed that there was no publication bias (¢
=1.66, p =0.15).

Comparison of the hs-CRP levels between D1
and D2 groups was shown in Figure 2E. Ran-
dom-effects model was used because of high het-
erogeneity (I? = 96.3%, p < 0.0001). The results
indicated that the hs-CRP levels in D1 group
were significantly lower than those in D2 group
(SMD = -1.51, 95% CI: -2.43—-0.59). Sensitive
analysis showed the stable results (Supplemental
Table V), and Egger’s test revealed no publica-
tion bias (¢ = 2.77, p = 0.07).

Comparison of the hs-CRP concentrations be-
tween D1 and D3 groups was shown in Figure
2F. Random-effects model was used because of
high heterogeneity (I = 87.8%, p < 0.0001). The
results indicated that the hs-CRP levels in D1
group were significantly lower than those in D3
group (SMD = -2.20, 95% CI: -2.79—-1.61). Sen-
sitivity analysis did not reverse the results (Sup-
plemental Table VI), and Egger’s test revealed
no publication bias (r = 0.42, p = 0.70).

Discussion

DN develops as a result of the progression of
DM?2. Chronic endothelial inflammation is a ma-
jor risk factor in the occurring of diabetic com-
plications and has a pathogenic role in the pro-
gression of DN*. CRP measurements have been
used to be one of inflammation markers. The
serum hs-CRP levels in DM patients are known
to be higher than that in healthy populations'®*.
In this study, we included 11 studies which con-
taining 1 331 cases and 1 779 controls to evalu-
ate the relationship between hs-CRP levels and
DN. Our result showed that hs-CRP concentra-
tions in DN patients were significantly higher
than that in healthy populations and in DM pa-
tients without nephropathy. As well, hs-CRP
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Figure 2. The forest plots of meta-analyses. D1, normoalbuminuria; D2, microalbuminuria; D3, macroalbuminuria; case
group, D2 and D3 patients; control group, healthy people and D1 patients. A, Comparative analysis of the hs-CRP content be-
tween case group and control group. B, Comparative analysis of the hs-CRP concentration between case group and D1 group.
C, Comparative analysis of the hs-CRP concentration between D3 group and D2 group.

concentration in macroalbuminuria group was
significantly higher than that in microalbumin-
uria group and normoalbuminuria group. Our re-
sults were stable in sensitivity analysis and no
publication bias was observed. These results sug-

Figure continued

gest that hs-CRP concentration can be an indica-
tor of DN in DM patients.

In our study, we found that the increased hs-
CRP level may correlate with the severity of DN.
The possible mechanisms may be that hs-CRP
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Figure 2. (Continued). D, Comparative analysis of hs-CRP content between DN patients and healthy people. E, Comparative
analysis of hs-CRP content between D1 and D2 group. F, Comparative analysis of hs-CRP content between D1 and D3 group.

may associate with DN through involving in the
renal inflammation. Pro-inflammatory cytokines
have been demonstrated as important factors in
the development of microvascular diabetic com-
plications, such as nephropathy®. As we know,
nuclear transcription factor-kappa B (NF-kB) is
active in inflammation and immune responses in
human cells. NF-kB signaling hs-CRP pathway is

reported to be activated in DN and hs-CRP induc-
ing a series of pro-inflammatory cytokines
through the NF-kB-dependent mechanism*-". In
addition, hs-CRP itself was induced by high level
of glucose, which then promoted renal inflamma-
tion. These results indicate that hs-CRP may serve
as an inflammatory mediator of high glucose lev-
els to promote the diabetic renal inflammation'.
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Suppl. Table I. Sensitivity analysis of the comparative analysis between diabetic nephropathy (DN) patients and the controls
(healthy people or/and diabetes mellitus (DM) patients).

SMD(95%Cl) P tau? 12
Omitting Ahluwalia, T S 2.3105 (1.7035-2.9174) <0.001 0.8668 95.90%
Omitting Avci, E 2.3014 (1.7278-2.8751) <0.001 0.7702 96.80%
Omitting Chen, F. Q 2.1965 (1.5750-2.8180) <0.001 0.9139 96.80%
Omitting Choudhary, Nikhi 2.1474 (1.5745-2.7204) <0.001 0.7706 96.90%
Omitting Eyileten, T 1.9479 (1.4181-2.4777) <0.001 0.6589 96.50%
Omitting Hansen, T. K 2.2648 (1.5031-3.0264) <0.001 1.4154 96.90%
Omitting Navarro,J.F 2.0235 (1.4958-2.5513) <0.001 0.6394 96.20%
Omitting Nelson, C. L 1.8388 (1.3510-2.3266) <0.001 0.5475 95.80%
Omitting Roopakala, M. S 2.3062 (1.7355-2.8769) <0.001 0.7622 96.80%
Omitting Shelbaya, S 2.1525 (1.5828-2.7221) <0.001 0.7654 96.90%
Omitting Taslipinar, A 2.0473 (1.4942-2.6004) <0.001 0.7226 96.80%
Pooled estimate 2.1361 (1.5968-2.6754) <0.001 0.7496 96.60%

Sensitivity analysis was performed by omitting each study to evaluate the stability of the results. The pooled estimate was not
effected by omitting any of these study, indicating a stable result.

Suppl. Table II. Sensitivity analysis of the comparative analysis between DN patients and the DM patients.

SMD(95%Cl) P tau? 12
Omitting Ahluwalia, T S 1.2788 (0.2204-2.3371) 0.0179 1.9551 98.10%
Omitting Avci, E 1.4564 (0.6258-2.2871) 0.0006 1.182 98.10%
Onmitting Chen, F. Q 1.1687 (0.3160-2.0214) 0.0072 1.2416 97.80%
Omitting Choudhary, Nikhi 1.1423 (0.3178-1.9669) 0.0066 1.1671 98.10%
Omitting Hansen, T. K 1.4189 (0.6819-2.1559) 0.0002 0.9052 95.50%
Omitting Navarro,J.F 0.9315 (0.2015-1.6614) 0.0124 0.8971 97.50%
Omitting Shelbaya, S 1.1467 (0.3255-1.9679) 0.0062 1.1659 98.20%
Omitting Taslipinar, A 0.9325 (0.1559-1.7092) 0.0186 1.0394 98.00%
Pooled estimate 1.1838 (0.4145-1.9531) 0.0026 1.1577 97.90%

Sensitivity analysis was performed by omitting each study to evaluate the stability of the results. The pooled estimate was not
effected by omitting any of these study, indicating a stable result.

Suppl. Table Ill. Sensitivity analysis of the comparative analysis between macroalbuminuria (D3) group and microalbumin-
uria (D2) group in DN patients.

SMD(95%Cl) p tau? 12
Onmitting Chen, F. Q 0.7840 (0.4412-1.1268) <0.0001 0.0706 64.00%
Onmitting Choudhary, Nikhi 0.7371 (0.3601-1.1141) 0.0001 0.1071 79.20%
Omitting Hansen, T. K 0.5082 (0.2871-0.7293) <0.0001 0.0018 3.20%
Onmitting Navarro,J.F 0.7145 (0.2768-1.1522) 0.0014 0.141 78.70%
Onmitting Shelbaya, S 0.6253 (0.2438-1.0068) 0.0013 0.1156 81.10%
Pooled estimate 0.6836 (0.3410-1.0262) <0.0001 0.103 75.50%

Sensitivity analysis was performed by omitting each study to evaluate the stability of the results. The pooled estimate was not
effected by omitting any of these study, indicating a stable result.

DM!!38 However, the relationship between hs-
CRP levels and glycaemic control is complex.
Schaumberg et al® found that hs-CRP level may
increase with the degree of weight gain during
intensified treatment. Other confounders such as

Confounding factors, such as different types of
DM and treatments, may affect the hs-CRP lev-
els. Previous studies have proved that the circu-
lating hs-CRP levels may predict the develop-
ment of albuminuria in type 1 DM and type 2
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Suppl. Table IV. Sensitivity analysis of the comparative analysis between DN patients and healthy people in control group.

SMD(95%ClI) P tau? 12
Omitting Avci, E 2.6181 (1.6817-3.5544) < 0.0001 1.4863 95.20%
Omitting Chen, F. Q 2.814 (1.6828-3.9452) <0.0001 2.1999 95.30%
Omitting Choudhary, Nikhil 2.7841 (1.7948-3.7735) < 0.0001 1.6633 95.50%
Onmitting Eyileten, T 2.4693 (1.6005-3.3380) < 0.0001 1.2711 94.60%
Omitting Navarro,J.F 2.6885 (1.6737-3.7034) <0.0001 1.7506 95.30%
Omitting Nelson, C. L 2.3081 (1.5728-3.0434) < 0.0001 0.8805 92.30%
Omitting Roopakala, M. S 2.9933 (2.1899-3.7968) < 0.0001 1.0522 92.50%
Omitting Shelbaya, S 2.773 (1.8172-3.7287) <0.0001 1.555 95.50%
Pooled estimate 2.6796 (1.8204-3.5388) <0.0001 1.4209 94.70%

Sensitivity analysis was performed by omitting each study to evaluate the stability of the results. The pooled estimate was not

effected by omitting any of these study, indicating a stable result.

Suppl. Table V. Sensitivity analysis of the comparative analysis between D1 and D2 groups.

SMD(95%Cl) P tau? 12
Omitting Chen, F. Q -1.5637 (-2.9473--0.1801) 0.0268 1.8761 96.10%
Omitting Choudhary, Nikhil -1.535 (-2.6025--0.4676) 0.0048 1.0984 97.00%
Omitting Hansen, T.K -1.8497 (-2.5950—-1.1045) <0.0001 0.4628 83.40%
Omitting Navarro,J.F -1.1459 (-1.9619--0.3298) 0.0059 0.6056 94.60%
Omitting Shelbaya, S -1.4506 (-2.4736--0.4276) 0.0055 1.0258 97.00%
Pooled estimate -1.5082 (-2.4288--0.5875) 0.0013 1.008 96.30%

Sensitivity analysis was performed by omitting each study to evaluate the stability of the results. The pooled estimate was not

effected by omitting any of these study, indicating a stable result.

Suppl. Table VI. Sensitivity analysis of the comparative analysis between D1 and D3 groups.

SMD(95%ClI) P tau? 12
Onmitting Chen, F. Q -2.4129 (-3.2459—-1.5799) < 0.0001 0.5991 87.30%
Omitting Choudhary, Nikhil -2.2608 (-2.9594—-1.5621) <0.0001 0.4198 90.80%
Omitting Hansen, T.K -2.2712 (-3.3545—-1.1879) < 0.0001 1.0856 90.80%
Omitting Navarro,J.F -1.8335 (-2.1716—-1.4954) < 0.0001 0.0606 58.10%
Omitting Shelbaya, S -2.257 (-2.9273—-1.5868) <0.0001 0.3959 90.80%
Pooled estimate -2.1965 (-2.7850—-1.6080) < 0.0001 0.3529 87.80%

Sensitivity analysis was performed by omitting each study to evaluate the stability of the results. The pooled estimate was not

effected by omitting any of these study, indicating a stable result.

patients’ age, gender and measurements of hs-
CRP may also be associated with the hs-CRP
level in DM and DN patients. However, due to
the limited data, this study did not perform the
subgroup studies by these factors. Thus, these re-
lationships need further verify by more studies.
In sensitivity analysis, after omitting each
study, our results were stable and not reversed.
However, the heterogeneity remains significant.
We suggest that several explanations can inter-
pret this. First, we didn’t separate the type 1 DM
from type 2 DM. These two types of DM have

different methods of definition and diagnosis.
For example, type 1 DM is dependent on insulin,
but type 2 DM is not*. Thus, the sensitivity to
hs-CRP concentration in the two types of DM
may be also different. Second, we didn’t adjust
the confounders (age, gender, ethnicity, etc.)
which might affect the hs-CRP levels. Kang et
al'® suggests that there may be ethnical differ-
ences in the serum hs-CRP level. Some other
factors, including smoke, hormone replacement
therapy and various medications, have been re-
ported to be associated with hs-CRP level*“2,
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Nevertheless, it is worth noting that in a compar-
ative analysis between D3 and D2 patients, the
heterogeneity was no longer significant after
omitting the study of Hansen et al''. This may be
due to the prospective cohort design of this
study. In this meta-analysis, all of other included
studies are case-control studies.

Some advantages should be considered in this
meta-analysis. Firstly, no publication bias was
observed in our results. Secondly, the quality of
the included studies was relatively high. Thirdly,
our meta-analysis is systematic and comprehen-
sive. Not only hs-CRP levels of DN patients di-
agnosed according to urinary protein levels were
meta-analyzed, but the hs-CRP levels of D3 and
D2 patients diagnosed according to UAE were
also meta-analyzed.

There are also several criticisms in this meta-
analysis. Firstly, significant heterogeneity re-
mains in our results. Secondly, we didn’t per-
form subgroup analysis due to the lack of includ-
ed studies. Despite these, this study still has
guiding significance for deciding that whether
hs-CRP can be an indicator of DN in DM pa-
tients.

Conclusions

The hs-CRP level was significantly correlated
with the development of DN in DM patients.
Therefore, we suggest that hs-CRP concentration
can be an indicator of DN in DM patients. Our
study has a potential value in clinical applica-
tions. However, further studies will be needed to
explore the function of hs-CRP in the progress of
DN. Whatever, hs-CRP can’t be the only indica-
tor of DN, and it must be combined with other
reliable methods to diagnose DN.
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