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ABSTRACT

Background. Erythema nodosum leprosum is an immune-mediated complication of leprosy whose underlying 
mechanism has not yet been fully elucidated, making management difficult.

Objectives. To determine the serum cytokine profile of ENL compared to non-reactional leprosy states. 

Methods. An open literature search was performed using MEDLINE, Cochrane Library, TRIP and HERDIN electronic 
databases using the keywords ("cytokines" or “inflammatory mediators”) and (“erythema nodosum leprosum” or 
“ENL”) and (“leprosy” or “lepra”). Studies were selected by two independent review authors. Risk of bias was assessed 
using the Newcastle-Ottawa Scale and statistical analysis was performed using RevMan 5.3 software.

Results. Eight cross-sectional studies with 197 participants were included. Meta-analysis showed that both serum 
IL-17 and serum IFN-γ were significantly decreased (Z 2.39, p = 0.02 and Z 2.74, p = 0.01, respectively) in ENL 
compared to non-reactional states. However, for IL-1β, IL-6, IL-10, IL-22, TNF-α and TGF-β, no significant differences 
were found between the two groups. 

Conlusion. ENL appears to be an exacerbation of the Th2 cytokine response seen in the lepromatous pole of 
leprosy. However, despite pooling of data, sample sizes remain small resulting in significant heterogeneity. Future 
studies involving large sample sizes and investigating a wider range of cytokines are encouraged.
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INTRoduCTIoN

Leprosy is a chronic granulomatous infection caused 
by the obligate intracellular organism Mycobacterium 
leprae, which primarily affects the skin and peripheral 
nerves.1,2 It is a spectral disease, presenting with a range of 
clinical manifestations that correlate with an individual’s 
immune response to the pathogen.3 Using the Ridley-
Jopling classification, the spectrum is divided into five 
different groups: tuberculoid (TT), borderline tuberculoid 
(BT), borderline (BB), borderline lepromatous (BL) and 
lepromatous (LL).4,5 

Those in the tuberculoid pole exhibit a strong cell-
mediated immune response that restricts the growth of 
the organism thereby manifesting clinically with fewer 
lesions and lower bacterial load. This cell-mediated immune 
response is characterized by the predominance of CD4+ 
(helper/inducer) T cells, which produce a Th1 cytokine 
pattern with interleukin 2 (IL-2) and interferon gamma 
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(IFN-γ). The abundance of IL-2 and IFN-γ contributes to 
a more resistant state, as IL-2 induces clonal expansion of 
CD4+ T cells, while IFN-γ stimulates macrophage activation 
releasing tumor necrosis factor-α (TNF-α) and enhanced 
production of reactive oxygen species, thus interfering with 
the growth of mycobacteria (Figure 1).3,6 

In contrast to the tuberculoid pole, the lepromatous 
pole exhibits a humoral response predominated by CD8+ 
(suppressor/cytotoxic) T cells which stimulates a Th2 
cytokine pattern producing interleukin 4 (IL-4), interleukin 
5 (IL-5), and interleukin 10 (IL-10). Both IL-4 and IL-10 
have been found to have negative immunoregulatory effects 
on cell-mediated immunity, blocking T cell proliferation as 
well as the release of Th1 cytokines. Thus, the lepromatous 
pole exhibits a higher susceptibility to Mycobacterium leprae 
infection, presenting clinically with more numerous skin 
lesions and a higher bacterial index (Figure 1).3,6

Aside from the classic Th1 and Th2 cell lineages, 
additional subsets of Th17 and Treg have been discovered. 
Th17 play a role in pathogen clearance, producing interleukin 
17 (IL-17) and interleukin 22 (IL-22) that lead to tissue 
inflammation and destruction. Interleukin 17 has been shown 
to bind cell surface receptors stimulating a Th1 response, 
and its sustained expression  is influenced by interleukin- 
1β (IL-1β). In contrast, Treg cells exhibit an inhibitory role 
in the regulation of inflammation. Differentiation towards 
a Th17 lineage depends on the action of transforming 

growth factor-β (TGF-β) in combination with interleukin 
6 (IL-6), with Treg cells exerting a suppressive effect on 
Th17 differentiation depending on the relative levels of 
both TGF-β and IL-6 (Figure 1).7,8

The immune response to M. leprae may also cause 
two types of immune-mediated complications known as 
lepra reactions. Reversal reaction, or type 1 lepra reaction, 
presents as acute inflammation of the skin and nerves and 
occurs mostly in patients with borderline leprosy (BT, BB 
and BL). Erythema nodosum leprosum (ENL), or type 2 
lepra reaction, presents with crops of new erythematous 
painful nodules usually on the extremities, which may be 
accompanied by other symptoms such as fever and swelling 
of the nerves, eyes, joints, testes, and lymph nodes. ENL 
may be intermittent or chronic and may persist over several 
years after completion of multi-drug therapy. The reaction 
only occurs in people with borderline lepromatous (BL) or 
lepromatous (LL) leprosy and the prevalence may be as high 
as 50% in patients with LL.5,9 Major risk factors which may 
lead to the development of ENL include a high bacterial 
index and age below 40 years.10 

While the immunologic mechanisms underlying the 
clinical spectrum of leprosy have been extensively studied, 
the precipitating factors, as well as the immune responses 
that govern erythema nodosum leprosum remain unclear.9 
To date, there are no published meta-analyses on the serum 
cytokine levels in ENL. For most patients, this condition is 

Figure 1. Cytokines in leprosy. Upon presentation of foreign antigens, naive T cells (Th0) can differentiate into Th1, Th2, Th17 and 
Treg cells whose stimulation or suppression depends on a number of different cytokines.
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usually chronic and relapsing, with adverse effects on both 
the physical well-being of the patient and on their quality 
of life. Thus, investigating the key cytokines involved in 
ENL versus non-reactional states may shed light on its 
pathophysiology and provide opportunities to improve 
approaches to its therapeutic management.

This study aimed to determine the serum cytokine 
profile of ENL compared to non-reactional leprosy states. 

METHodS

A. Criteria for inclusion of studies

1. Types of studies
All observational studies measuring serum cytokine 

levels in erythema nodosum leprosum compared to non-
reactional leprosy states were included. Articles were excluded 
if no data was available for analysis and if patients were 
started on MDT treatment or other immunomodulating 
drugs prior to sampling.

2. Types of participants
Individuals diagnosed with ENL and presenting with 

its distinct clinical features were included. ENL is an 
inflammatory reaction characterized by the development of 
erythematous, tender crops of subcutaneous nodules, which 
may be accompanied by inflammation of the nerves, joints, 
iris, testes, fingers, and toes, and may present with fever, 
edema, and lymphadenopathy.5

As a comparator, individuals diagnosed with non-
reactional leprosy, whether borderline tuberculoid, 
lepromatous, or multibacillary leprosy without lepra 
reaction were included. Leprosy is defined as a chronic 
granulomatous infection caused by Mycobacterium leprae 
whose clinical manifestation is dependent upon the host’s 
immune response.2,11,1 Diagnosis and classification is 
dependent on clinical presentation and supported by slit 
skin smear and skin biopsy results.2

3. Types of outcome measures
The primary outcome measure was the difference in 

the mean serum cytokine levels between patients with ENL 
and patients with non-reactional leprosy.

B. Search methods for identification of studies
An open literature search was performed using 

MEDLINE, Cochrane Library, TRIP and HERDIN 
electronic databases. All articles from 1 January 1950 until 
30 August 2016 were screened using the medical subject 
headings ("cytokines" or “inflammatory mediators”) and 
(“erythema nodosum leprosum” or “ENL”) and (“leprosy” 
or “lepra”) to identify potentially relevant articles. Other 
resources such as Google scholar were also searched, and 
the reference lists of relevant articles were screened for 
other related studies or relevant reviews. There were no 

language restrictions while searching for publications since 
all relevant articles were published in English.

C. Data collection and analysis

1. Selection of studies
Two independent authors perused the titles and 

abstracts obtained from the searches. Upon selection, all 
articles were compiled and a full text review was done. 
Articles that did not fit the inclusion criteria, as well as 
duplicate articles were excluded. If the authors were unclear 
regarding the inclusion of an article, the issue was resolved 
through discussion between the authors. Referral to a third 
author for the resolution of disagreements between the two 
independent authors was not necessary for this study.

2. Data extraction and management
One author extracted the data using a standard data 

extraction form (Appendix A), which included the author, 
year, type of study, country, number of participants, age and 
sex, cytokines measured, and the method of measurement. 
The second author checked the data and any discrepancies 
were discussed and settled between the two authors. One 
author entered all relevant data into Review Manager 5.3 
software for analysis. Neither of the authors were blinded to 
the names of trial authors, journals or institutions.

3. Quality assessment of included studies
The evaluation of the quality of the included studies 

was done using the Newcastle-Ottawa Scale (NOS) for 
non-randomized studies in meta-analysis. A cumulative 
score of six or higher for each included study was considered 
good quality.12 A tabulation of the information is recorded 
in the risk of bias table. 

4. Dealing with missing data
In the event of missing data such as standard deviations, 

the authors of the selected studies were contacted to provide 
missing statistics. If there was no response from the authors, 
only the available data was analyzed or replacement values 
were computed in accordance with the Cochrane guidelines.13 

5. Assessment of heterogeneity
To quantify the heterogeneity of the included studies, 

I2 statistic was used.

6. Assessment of reporting biases
The assessment of reporting biases using funnel plots 

was not performed for this analysis since there were less 
than ten aggregate studies.

7. Data synthesis
The effect size representing the difference in mean 

serum inflammatory marker levels between patients in 
reactional and non-reactional states were calculated using 
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the weighted mean difference (WMD). The respective 95% 
confidence intervals (CI) were also reported. For studies that 
did not report the mean, the median was used for analysis. 
If the studies provided the median interquartile range, the 
values were converted to standard deviation (SD). For studies 
wherein the standard deviation was unavailable, we assumed 
that the values lay within two SDs of the mean. The weighted 
mean differences were analyzed using a random-effects 
model to account for within- and between-study variance. 
The test for overall effect using Z score was considered 
significant if the p-value was <0.05. All statistical analyses 
were performed using Review Manager 5.3 software. 

RESuLTS

A. Description of studies

1. Results of the search
The study selection process is outlined in Figure 2. 

Our initial search yielded 1134 articles, of which 1111 
articles were excluded based on initial screening of titles 
and abstracts. Twenty-three potentially relevant articles 
underwent full text review. Fourteen (14) articles were 
excluded based on desired outcome measures and exclusion 
criteria. Of the remaining 9 relevant articles, 1 article was 
excluded for overlapping data with an included article. All 
8 remaining studies were then included in the analysis. No 
similar meta-analyses were found.

2. Included studies
We included eight studies with a total of 197 participants 

(84 patients with ENL) in this review, the characteristics of 
which are summarized in Appendix A. All studies were cross-
sectional studies published between 1993 and 2016.

3. Sample size
The study populations had total participants ranging 

between 45 and 275, with the size of the involved populations 
ranging between 17 and 50 participants.

4. Setting
Three studies were conducted in single centers in Egypt, 

while six studies were conducted in single centers in India.

5. Participants
Only two studies reported the age range of participants 

for the ENL group, while only one study reported the mean 
age of participants for the non-reactional (NR) group. 
Similarly, only two studies reported the number of male and 
female participants for the ENL group, while only one study 
reported the mean age of participants for the NR group. 
The rest of the studies did not publish any data regarding 
the age and sex of the participants. All participants were 
newly diagnosed cases of leprosy – whether in ENL or non-
reactional states – who have not yet received prior treatment 
with multidrug therapy or any immunomodulating drugs.

6. Outcome detection
The primary outcome of serum cytokine levels was 

reported in all 8 studies. Three studies reported on the levels of 
interleukin-1β (IL-1β),14-16 two studies reported on the levels 
of interleukin-6 (IL-6),7,16 three studies reported on the levels 
of interleukin-10 (IL-10),14,15,17 four studies reported on the 
levels of interleukin-17 (IL-17),7,17-19 two studies reported on 
the levels of interleukin-22 (IL-22),7,17 three studies reported 
on the levels of tumor necrosis factor-α (TNF-α),14,15, 20 
two studies reported on the levels of transforming growth 
factor-β (TGF-β),7,17 and three studies reported on the levels 
of interferon-γ (IFN-γ).14-16

7. Excluded studies
We excluded a total of 15 articles following full text 

review. Six studies were excluded due to the absence of a 
comparator group.21-26 Four studies were excluded since the 
participants involved a mix of both untreated and prior-
treated populations.27-30 One study was excluded because 
serum cytokines were not measured.31 Three studies were 
excluded due to lack of pertinent data.32-34 Finally, one article 
was excluded due to overlapping data with an included study.35 

1134 articles from search in MEDLINE, Cochrane Library, 
TRIP, HERDIN, Google Scholar and reference lists

23 potentially relevant articles reviewed in full text

9 relevant articles identified

8 relevant articles included in the meta-analysis

1111 articles excluded based on initial 
screening of titles and abstracts

14 articles excluded after assessing full text:
• 6 with no comparator group
• 4 with mix of untreated and prior-treated populations
• 1 did not measure serum cytokines
• 3 lacked published data

1 article excluded for overlapping data

Figure 2. Flow diagram of study selection.
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8. Risk of bias in included studies
The Newcastle-Ottawa quality assessment scale of 

observational studies was used to evaluate the included 
studies with regard to their risk of bias.

9. Selection
For all included studies, representativeness of the sample 

was affected since sampling was done in a hospital or single 
institutional setting, rather than in the community and none 
of the studies indicated the justification for their respective 
sample sizes. Since sampling was done at a single time point, 
the response rate is satisfactory, and all measurement tools 
used to evaluate the sample were validated.

 
10. Comparability

All studies included untreated patients for both ENL 
and NR populations. Seven out of eight studies also matched 
the groups in terms of age and sex.

11. Exposure or Outcome
As for the assessment of the outcome, none of the 

studies reported blinding of the assessors. However, serum 
cytokine concentrations can be measured objectively, blinding 
is not necessary and does not influence the risk of bias for 
this analysis. Eight of the nine included studies performed 
statistical analysis, while one study only published the data 
without analysis.

B. Data and pooled analyses

1. Interleukin-1β
The weighted mean difference (WMD) for studies 

analyzing IL-1β was 25.91 (95% CI -1.69-53.51) with a Z 
score of 1.84 and a p-value of 0.07, indicating that there was 
no significant difference in serum IL-1β between patients 
with ENL versus NR leprosy. The pooled studies however 
showed a substantial level of heterogeneity with I2=73% 
(Figure 3).

2. Interleukin-6
Only two studies analyzed serum IL-6 levels between 

patients with ENL and NR leprosy. Figure 4 shows a 
combined WMD of 132.18 (95% CI -506.01-770.36) 
and a Z score of 0.41 corresponding to a p -value of 0.68 
indicating that there was no significant difference in IL-6 
concentrations between the two groups. Heterogeneity 
between studies was considerable, with I2=89%.

3. Interleukin-10
Combining serum IL-10 levels resulted in a non-

significant WMD (11.70, 95% CI -9.70-33.11, Z = 1.07, 
p = 0.28) between patients with ENL and NR leprosy 
(Figure 5). There was also considerable heterogeneity 
between pooled studies with I2=80%.

Figure 3. Forest plot for interleukin-1β (IL-1) showing the weighted mean differences (WMDs) and 95% confidence intervals 
(CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum leprosum (ENL) and 
non-reactional (NR) leprosy using a random-effects model.

Figure 4. Forest plot for interleukin-6 (IL-6) showing the weighted mean differences (WMDs) and 95% confidence intervals 
(CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum leprosum (ENL) and 
non-reactional (NR) leprosy using a random-effects model.
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4. Interleukin-17
The search yielded four studies investigating the levels 

of IL-17, with a combined WMD of 153.19 (95% CI 
27.53-278.85) and an overall Z score of 2.39 (p = 0.02) 
indicating significantly lower levels of IL-17 in erythema 
nodosum leprosum compared to non-reactional leprosy. The 
heterogeneity between studies however was considerable at I2 
of 97% (Figure 6).

5. Interleukin-22
Comparison of the IL-22 levels of the two groups in 

Figure 7 showed a WMD of -247.77 (95% CI -812.61-

317.07) with a Z score of 0.86 and a p-value of 0.39 indicating 
a non-significant difference in serum IL-22. Heterogeneity 
between studies was also considerable, with I2=99%.

6. Tumor necrosis factor-α
Three studies analyzed serum TNF-α levels between 

patients with ENL and NR leprosy. Figure 8 shows a 
combined WMD of 7.89 (95% CI -1.18-16.96) and a Z 
score of 1.70 corresponding to a p -value of 0.09 indicating 
a non-significant difference in serum TNF-α concentrations 
between the two groups. Heterogeneity between studies were 
negligible, with I2=21%.

Figure 5. Forest plot for interleukin-10 (IL-10) showing the weighted mean differences (WMDs) and 95% confidence intervals 
(CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum leprosum (ENL) and 
non-reactional (NR) leprosy using a random-effects model.

Figure 6. Forest plot for interleukin-17 (IL-17) showing the weighted mean differences (WMDs) and 95% confidence intervals 
(CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum leprosum (ENL) and 
non-reactional (NR) leprosy using a random-effects model.

Figure 7. Forest plot for interleukin-22 (IL-22) showing the weighted mean differences (WMDs) and 95% confidence intervals 
(CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum leprosum (ENL) and 
non-reactional (NR) leprosy using a random-effects model.
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7. Transforming growth factor-β
Combining serum TGF-β levels resulted in a non-

significant weighted mean difference (-0.08, 95% CI -5.36-
5.21, Z = 0.03, p = 0.98) between patients with ENL and 
NR leprosy (Figure 8). The studies did not exhibit any 
heterogeneity, with I2 at 0% (Figure 9).

8. Interferon-γ
Finally, three studies investigated serum IFN-γ levels in 

ENL versus NR leprosy. The WMD between the 2 groups 
was 384.06 (95% CI -79.35-688.76), with an overall Z score 
of 2.47 (p = 0.01) indicating a significantly lower level of 
serum IFN-γ in patients with ENL as shown in Figure 10. 
Heterogeneity among studies was considerable however, 
with I2 at 97%.

dISCuSSIoN

Summary of main results
From the Ridley-Jopling classification, the lepromatous 

pole of the leprosy spectrum is characterized by the 
predominance of CD8+ (suppressor/cytotoxic) T cells. 
This brings about a Th2 cytokine pattern characterized 
predominantly by the release of cytokines, which have 
a negative immunoregulatory effect on cell-mediated 
immunity.3,6 The results of this meta-analysis suggest that 
in comparison to non-reactional leprosy states, erythema 
nodosum leprosum exhibits a further shift towards this 
Th2-type response.

Interleukin-17 is a pro-inflammatory cytokine, which 
acts by recruiting monocytes and neutrophils. It binds 

Figure 8. Forest plot for tumor necrosis factor-α (TNF-α) showing the weighted mean differences (WMDs) and 95% confidence 
intervals (CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum leprosum (ENL) 
and non-reactional (NR) leprosy using a random-effects model.

Figure 9. Forest plot for transforming growth factor-β (TGF-β) showing the weighted mean differences (WMDs) and 95% 
confidence intervals (CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum 
leprosum (ENL) and non-reactional (NR) leprosy using a random-effects model.

Figure 10. Forest plot for transforming growth interferon-γ (IFN-γ) showing the weighted mean differences (WMDs) and 95% 
confidence intervals (CIs) of individual studies and pooled WMDs and 95% CIs in patients with erythema nodosum 
leprosum (ENL) and non-reactional (NR) leprosy using a random-effects model.

ACTA MEDICA PHILIPPINA VOL. 53 NO. 2 2019148

Serum Cytokines in ENL vs. Non-reactional Leprosy



to type I cell surface receptors on T-helper cells, thereby 
stimulating a Th1 response.36 In this study, serum IL-17 of 
ENL patients showed a significantly lower level compared 
to non-reactional leprosy. This implies that there is a further 
decrease in cell-mediated immunity, which could account 
for a patient’s worsening clinical presentation.

Similarly, interferon-γ is another pro-inflammatory 
cytokine and is an important feature of the Th1 response. 
Following its release from Th1 cells, IFN-γ stimulates the 
production of reactive oxygen species by macrophages, 
which interfere with the growth of mycobacteria.3 From 
the results of this study, patients with ENL exhibit a 
significantly lower level of serum IFN-γ compared to non-
reactional states. Again this suggests a further shift towards 
a Th2-type response, mirroring that of IL-17.

While non-significant, the trend for other pro-
inflammatory cytokines included in this study such as 
interleukin-1β, interleukin-6, and tumor necrosis factor-α 
are generally lower in ENL, consistent with the findings 
for IL-17 and IFN-γ. In contrast, the results for the anti-
inflammatory cytokine interleukin-10 and interleukin-22 
are conflicting. Based on the results of this meta-analysis, 
IL-10 appears to be higher in non-reactional leprosy, while 
IL-22 is higher in ENL though the results are again, non-
significant. Finally, transforming growth factor-β, another 
pro-inflammatory cytokine appears to have similar levels 
in both ENL and NR groups, though the results are non-
significant.

Agreement and disagreement with other studies 
or reviews  

To date, no other published meta-analyses investigating 
the serum cytokine profiles in ENL compared to non-
reactional states have been found. 

Similar to the results of this meta-analysis, a previous 
study by Goulart et al. in 2000 measuring cytokine 
production of peripheral blood mononuclear cells (PBMCs) 
showed a Th2-type response occurring in ENL.37 In contrast, 
other studies done by Moraes et al. (1999) and Teles et 
al. (2002) investigating mRNA expression in reactional 
lesions have found significantly higher levels of the pro-
inflammatory cytokines TNF-α and IL-6.38,39 This is similar 
to the results of the study done by Barnes et al. (1992) with 
PBMCs wherein the release of TNF-α was found to be 
highest in patients with ENL.27 These findings support the 
utility of thalidomide in the treatment of ENL as it inhibits 
the production of TNF-α. Other studies investigating 
IFN-γ mRNA expression also found higher levels in ENL 
compared to non-reactional states.40,41

Strengths and limitations
This is the first meta-analysis to determine the serum 

cytokine profile of erythema nodosum leprosum compared 
to non-reactional states of leprosy, pooling the results 
of a total of 8 cross-sectional studies, with a total of 197 

participants. We performed an extensive open literature 
search using five different databases to be able to retrieve 
all relevant articles, and investigated both pro-inflammatory 
and anti-inflammatory markers implicated in ENL. The 
results of this investigation may contribute to further 
understanding the immunologic mechanisms governing 
erythema nodosum leprosum. 

All studies included in this meta-analysis were single 
institutional cross-sectional studies, which may have an 
inherent selection bias. The sample sizes of the individual 
studies were small, which may account for the high degree 
heterogeneity between data sets. The effects of other 
confounding factors such as bacterial load and age could not 
be analyzed due to the unavailability of data. In addition, 
publication bias could not be assessed since the aggregate 
number of studies was less than ten.

CoNCLuSIoN

Implication for practice
The results of the meta-analysis suggest that ENL is 

an exacerbation of the Th2 cytokine response seen in the 
lepromatous pole of leprosy, showing a significant decrease 
in the pro-inflammatory cytokines IL-17 and IFN-γ. This 
suggests that therapies which aim to reverse the decline in 
IL-17 and IFN-γ cytokine levels may also result in a reversal 
of its clinical manifestations. While there are no known 
therapies used to augment IL-17 levels, interferon gamma 
therapy used in the treatment of chronic granulomatous 
diseases and osteoporosis may provide clinical benefit for 
patients with ENL. 

Implication for research
The 8 cross-sectional studies included in this review had 

small sample sizes and incomplete data for subgroup analyses. 
Thus, there is a need for good quality studies involving larger 
sample sizes to be able to draw more robust conclusions. In 
addition, other cytokines may also be investigated to be able 
to provide a more comprehensive cytokine profile in ENL. 
Confounding factors such as age and bacterial index should 
be explored and its effect on cytokine levels in ENL should 
be clarified. In addition, other meta-analyses involving the 
levels of cytokine mRNA or gene expression in ENL may 
provide a clearer picture of the pathogenesis of ENL and 
may be used to corroborate the findings of this investigation.
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Appendix A. Standard data extraction form

Author Year Study Design Country
ENL NR

Cytokines MethodN Mean age 
(years)

Male, 
%

N Mean age 
(years)

Male, 
%

Bhattacharya 1993 Cross-sectional India 11 – – 9 – – TNF-α ELISA
Moubasher 1998 Cross-sectional Egypt 19 – – 20 – – IL-1β, IL-10, 

TNF-α, IFN-γ
ELISA

Belgaumkar 2007 Cross-sectional India 1 – – 18 – – IL-6, IFN-γ ELISA
Madan 2011 Cross-sectional India 4 – – 13 – – IL-1β, IL-10, 

TNF-α, IFN-γ
ELISA

Chaitanya 2012 Cross-sectional India 21 34.8 86 10 – – IL-17 ELISA
Abdallah 2013 Cross-sectional Egypt 6 – – 11 – – IL-4, IL-17 ELISA
Attia 2014 Cross-sectional Egypt 6 – – 11 – – IL-10, IL-17, 

IL-22, TGF-β
ELISA

Abdallah 2014 Cross-sectional Egypt 6 – – 11 – – IL-4 ELISA
Saini 2016 Cross-sectional India 10 41 73 10 42 67 IL-1β, IL-6, IL-17, 

IL-22, TGF-β
ELISA

Total 84 113
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