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INTRODUCTION

	 Rheumatoid arthritis (RA) is a chronic autoimmune 
disease, which causes painful inflammation of joints 
which leads to chronic disability. It typically affects 
the joints of hands and feet i.e., elbows, wrists, ankles 
and knee which gradually compromises the ability to 
perform routine daily activities.1 There is dearth of data 
related to RA prevalence in developing countries like 
Pakistan. Tertiary care hospitals in Pakistan proposed 
that the prevalence of RA in the southern versus northern 
regions of the country is 0.142%-5.5% respectively.2  In 
a systematic review, Naqvi et al, reported that very 
few studies on RA patients have been conducted in 
Pakistan over the last decade, and in the studies which 
were conducted the  patients were mostly poor females; 
uneducated and unemployed.3 A cross-sectional study 
conducted in Rheumatology Department, Fatima 
Memorial Hospital, Lahore, Pakistan, from May, 2018 to 
July, 2018 reported that delay in disease diagnosis  and  
therapeutic intervention ultimately led to high disease 
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ABSTRACT
Objectives: Insulin like growth factor-1(IGF-1), is a modulator of immunity and inflammation, it promotes the anabolic 
role of growth hormone (GH) on bone and skeletal tissue. Genetic polymorphism in IGF-1 gene is reported to affect 
the transcriptional efficiency affecting its serum level. In this study we aim: 1) To study the presence of 192bp 
polymorphism of IGF-1 gene in patients of rheumatoid arthritis (RA), 2) To study the association of 192 bp polymorphism 
of IGF-1 gene with serum IGF-1 levels and disease severity in patients of RA.
Methods: A cross-sectional study was carried out at University of Health Sciences (UHS), Lahore. Diagnosed RA cases 
who fulfilled the American College of Rheumatology (ACR) criteria were recruited from Fatima Memorial Hospital (FMH) 
and Behbud Rheumatology Clinics, Lahore during 2018–2019. Serum IGF-1 levels were determined by ELISA in blood 
samples of 200 RA patients and 200 healthy individuals. DNA was extracted and genetic polymorphism was determined.
Results: The serum IGF-1 level in RA group was significantly lower compared to healthy group. Our study shows 
presence of 192bp allele of IGF-1in 77% of the studied population. Carriers of 192bp allele of IGF-1 had a significantly 
higher serum level of IGF-1 as compared to non-carriers in the RA patients. Rheumatoid factor (RF) positive patients 
had a higher number of 192bp carriers in comparison to RF negative patients. Significant difference was also seen 
in severity of disease between carrier and non-carriers of 192bp allele with the disease being more severe in male 
carriers.
Conclusions: There is an association of IGF-1gene polymorphism with variation in serum IGF-1 levels and severity of 
RA.
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activity and poor functional outcome in RA patients.4 It 
is indeed the need of the hour to address these factors to 
improve outcome of RA in Pakistani public.
	 RA is a systemic, chronic, inflammatory disease 
of unknown etiology. It is characterized by immune 
activation, leucocyte infiltration and synovial 
inflammation, leading to eventual joint pain and 
swelling.5 The future of RA drug treatment lies in 
identifying the elevated pro-inflammatory elements 
in both the serum and synovial fluid of individual RA 
patients prior to starting drug therapy thus producing 
“personalized molecular medicine”.6 
	 There are ongoing studies regarding involvement 
of genetic polymorphism in RA in Pakistan 
as well. Recently, a study was carried out in 
Karachi to find out the association of SNPs 
(rs708035  and  rs3844283)  with  IRAK2  gene which may 
affect increase and decrease of NFκB levels either by 
promoting or reducing different proteins affecting bone 
health that might be responsible for progression of RA.7 
Another recent study on RA in Pakistan focused on role 
of auto-antibody against mutated citrullinated vimentin 
(Anti-MCV) which was shown to have the same 
diagnostic value as ACPA in Pakistani RA patients but 
is a better predictor of disease progression.8 In a recent 
study on RA genetics and IGF-IR, the homozygous 
AA genotype form; +3179G/A IGF-IR was found to be 
linked with increased likelihood of developing RA.9 An 
important variant in the promoter of IGF-1 gene has 
been previously shown to increase RA susceptibility, 
associated with low IGF-I serum levels and higher 
disease activity score particularly in male individuals 
who were non-carriers of the wild type 192-bp allele.10 
IGF-1 production occurs throughout life reaching 
highest levels in adolescence and falling to the lowest 
in infancy and old age.11 Identification of further such 
genetic factors in our setting will help identify methods 
of early diagnosis and treatment to prevent chronic 
disability as seen in RA in Pakistani patients. It would 
also aid in understanding the complexities of this 
disabling disease, by providing necessary base line data 
for the Pakistani population. 

METHODS

	 The current study was conducted and approved in 
accordance with the rules and regulations stipulated by 
Ethics Review Committee, University of Health Sciences, 
Lahore, Pakistan (No. UHS/REG-18/ERC/184). All RA 
diagnosed cases and healthy individuals, included in 
the study were recruited during 2018–2019 after taking 
informed written consent from all participants. The 
RA patients were selected on the criteria established 
by American College of Rheumatology (ACR). Two 
hundred RA patients attending the rheumatology 
clinics at Behbud center and Fatima Memorial hospital, 
Lahore, Pakistan were recruited. The relevant clinical 
data was collected, i.e. swollen joint count (SJC), tender 
joint count (TJC), general health (GH), and erythrocyte 
sedimentation rate (ESR). This was used to find the 

“disease activity score of 28 joints (DAS28)” for all RA 
patients using the following formula:

“0.56 x (TJC28) +0.28 x (SJC28) +0.70 x 
ln(ESR) + 0.014 x (GH)”12

	 The ratings of patients’ general health were given by 
them on a “100-mm visual analogue scale (VAS)”. Two 
hundred apparently healthy subjects with no history of 
RA were recruited as controls.
	 Ten ml venous blood was obtained by sterile 
venipuncture. Five ml blood was transferred into 
vacutainers containing EDTA and was kept at -20°C till 
DNA extraction whereas 5 ml blood was used for serum 
isolation which was stored for serum biochemistry. 
Serum was obtained by centrifugation (3000 rpm for 10 
minutes) and stored at -80°C.
Genotyping of IGF-1 and Immunoassay: “Favor 
Prep Blood Genomic DNA Extraction Kit (Biotech 
Corp, Taiwan China)” was used for extracting DNA. 
Polymerase chain reaction (PCR) was employed to 
amplify DNA using specific primers (Macrogen Inc 
Korea) designed against the polymorphic cytosine–
adenine repeat 1kb upstream of the human IGF-1 
gene, i.e., sense: 5’-ACCACTCTGGGAGAAGGGTA-3, 
antisense: 5-GCTAGCCAGCTGGTGTTATT-3’. PCR 
amplification reactions were carried out in a 25µL 
reaction mixture which contained, 1μl (50 ng) of 
genomic DNA, 0.5 µl of each primer (5pM), 12.5 µl of 
2x PCR master mix and 10.5 µl double distilled water. 
Amplification was performed on BioRad thermal cycler 
(iCycler, BioRad USA). The cycling conditions for the 
PCR were a cycle of initial denaturation at 94ºC for five 
minutes, followed by 35 cycles with denaturation for 
one minute at 94ºC, annealing at 58ºC for 60 seconds, 
extension at 72ºC for 60 sec, and with a final extension 
for 10 minutes. at 72ºC. The amplicons were run for 
45 minutes on 3% agarose gel. The PCR product was 
checked under ultraviolet gel documentation system 
(Bio-Rad USA) and results were recorded. 
	 IGF-1 levels in serum samples of both RA group and 
healthy group was measured by Enzyme Immunoassay 
kit (Bioassay technology Laboratory Shanghai China) 
following manufacturer’s instructions on automated 
ELISA CODA (BioRad, USA).
Statistical analysis: Data was analyzed using the 
version 22 of SPSS (Statistical Package for Social 
Sciences). Frequencies and percentages are given 
for categorical variables. Data distribution was 
checked by Shapiro-Wilk’s statistics. Mean+SD 
(standard deviation) was given for normally 
distributed quantitative variables and median with 
IQR (Interquartile range) was given for non-normally 
distributed quantitative variables. Student’s t test 
and Mann-Whitney U test were applied to compare 
normally or non-normally distributed quantitative 
variables respectively between two groups. Genotype 
frequencies between the two groups were compared 
by Chi square/Fisher’s exact test. A p value ≤0.05 was 
considered significant.
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RESULTS

	 This study aimed to study the serum levels of IGF-1 in 
both RF +ive and RF –ive RA patients as well as healthy 
controls, and to observe the frequency with which 192-
bp allele of IGF-1 appeared in the study groups, its 
relationship to serum IGF-1 levels and also if it bore any 
relation to disease severity. In RA patient group, 142(71%) 
were carriers of 192bp allele and 58(29%) were non-carrier 
of 192bp allele. In healthy group, 165(82.5%) were carriers 
of 192bp allele and 35(17.5%) were non-carriers. There 
was a significant difference observed in the frequency 
of 192bp allele in groups (p=0.006) (Table-I). On basis of 
gender stratification, it was observed that out of male 
RA patients 20(60.6%) were carriers and 13(39.3%) were 
non-carriers of 192bp allele (p=0.12). Out of female RA 
patients, 123(73.65%) were carriers and 44(26.34%) were 
non-carriers of 192bp allele. The frequency of 192bp allele 

in healthy males was 34(85%) whereas 6(15 %) males 
were non-carriers of 192bp allele. In female controls the 
frequency of 192bp allele carriers was 131(81.87%), and 
29(18.12%) were non-carriers (p=0.64).
	 Out of RF +ive patients, 112(76.55%) were carriers 
and 34(23.44%) were non-carriers of 192bp allele. Out of 
RF –ive patients, 31 (56.6%) were carriers and 23(43.4%) 
were non carriers of 192bp allele of IGF-1. A Significant 
difference in 192 bp carrier status in RF +ive and RF-ive 
patients was observed (p=0.007) (Table-II).
	 After gender stratification, severity of disease was 
analyzed in carriers and non-carriers of 192bp allele 
(Table-III), male RA patients who were carriers of 192 
bp showed more cases of severe disease based on DAS 
28 score (p=0.045). Severe disease although seen more 
in female carriers but the difference was not significant 
(p=0.167).
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Table-I: Comparison of IGF-1 192 bp polymorphism between the RA patients and healthy group.

Genotype RA Patients Group
(n=200)

Healthy Group
(n=200) Chi square p-value Confidence 

Interval

Non Carrier of 192 bp 58(29) 35(17.5)
7.41 0.006 1.2-3.1

Carrier of 192 bp 142(71) 165(82.5)
Values given as n(%). A “Chi Square” test was utilized to calculate the p-value and “Confidence Interval” (CI). 
A “p” of<0.05 was considered significant.

Table-II:  Comparison of IGF-1, 192 bp carrier state in RA patients and healthy group according to RA factor.

Genotype
RA Patient Group (n=200) Chi square

p-value
CI

Healthy Group (n=200) Chi square
p-value

CIRF (+ve) RF (–ve) RF(+ve) RF (–ve)

Non Carrier of 192 bp 34(23) 23(43) 7.2
0.007

0.2-0.7

5(45) 30(16) 6.3
0.01

1.2-15.4Carrier of 192 bp 112(77) 31(57) 6(55) 159(84)

Values given as n(%). A “Chi Square” test was utilized to calculate the p-value and “Confidence Interval” (CI). 
A “p” of<0.05 was considered significant.

Table-III: Comparison of DAS 28 score and IGF-1 polymorphism in male and female RA patients.

Gender DAS Score Non-Carrier of 
192 bp  n(%)

Carrier of 
192 bp  n(%)

Fisher’s exact
p-value    CI

Male
(n=33)

Remission 5(38) 5(25)
5.030
0.045

(0.163-0.177)

Low disease activity 7(54) 6(30)
Moderate disease activity 1(8) 5(25)
High disease activity 0(0) 4(20)

Female
(n=167)

Remission 6(13) 33(27)
3.435
0.167

(0.314-0.332)

Low disease activity 13(29) 30(25)
Moderate disease activity 23(51) 51(42)
High disease activity 3(7) 8(6)

Values given as n(%).  A “Fisher,s exact ” test was utilized to calculate the p-value and “Confidence 
Interval” (CI). A “p” of<0.05 was considered significant.
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	 The serum IGF-1 levels were non-normally distributed 
in the population. There was a significant difference in 
the median±IQR of IGF-1 serum levels in RA patients 
[35(24)] as compared to healthy group [150(69.52)] 
(p<0.001). Serum levels of IGF-1 were significantly 
higher in female RA cases and male healthy controls. In 
the patient group, males had an IGF-1 level of 20(25.1) 
while females had a level of 35(22.8), (p=0.006). In the 
healthy group, males had a level of IGF-1 at 177.5(50) 
while females had a reading of 150(68.75) (p=0.017) 
(Fig.1). 
	 Median (IQR) of serum IGF1in RA patients was 
39(27.86%) in carriers of 192 bp allele and 29 (15%) in 
the non-carriers (p=0.001). In healthy group the serum 
level was 150(75.50%) for carriers and 150(65%) for non-
carriers of 192 bp allele (p=0.08). Significant difference in 
serum IGF1 levels between carriers and non-carriers was 
seen in the RA patient group (Fig.2).

DISCUSSION

	 In our study there is a significant difference in 
serum IGF-1 levels between the two study groups, 
with lower serum levels found in RA patients’ group. 
Disturbances in IGF1/IGF1R signaling are notable for 
RA pathology. It contributes to joint inflammation 
and affects homeostasis in chondrocytes, leukocytes 
and synovial fibroblasts.13 Similar results were seen in 
a previously conducted meta-analysis which showed 
that patients with RA have decreased levels of IGF-
1 in circulation as compared to healthy individuals, 
especially in the Asian and European communities; 
however, result was not significant in American study 
group.14 In another meta-analysis decreased levels 
of IGF-1 are seen to be linked with RA, moreover 
race and age were determined as the influencing 
factors.15 There are also studies which reported that 
there was no difference in the levels between the two 
groups.16 Baker et al., reported that IGF-1 levels were 
progressively lower with more severe and prolonged 
RA and there was an association between IGF-1 levels, 
disease activity, disease duration, joint destruction 

and disability. This observation helps support the 
hypothesis that RA patients have a dysregulation in 
GH/IGF-1 signaling pathway most likely because of 
an acquired resistance to GH.17  In another study, on 
correlation between DAS28  and IGF-1 in  RA patients 
, IGF-1 levels  showed a significant difference between 
the high-disease-activity and low-disease-activity 
groups.18 Interestingly physical inactivity, a condition 
acquired in long-lasting RA  is frequently associated 
with lower serum IGF-1.19 Changing lifestyle with 
increased exercise to improve serum IGF-1 levels could 
be an alternative therapy for RA patients.20 
	  Another area of interest is the contribution of IGF-1 & 
insulin like growth factor binding protein (IGFBP) axes 
in RA pathogenesis. This has been examined in many 
studies but controversial results have been obtained. 
There were studies which reported high IGFBP and 
IGF-Ι levels in both synovial fluid (SF) and serum of RA 
patients when compared to healthy group.21 There are 
also studies on the contrary reporting similar or reduced 
IGF-I and IGFBP levels in RA patients compared to 
controls.22 In RA, IGF-1 protein expression is deranged, 
which results in decreased blood levels of IGF-1 acting on 
the regulatory T-cells (Treg) and decreased suppression 
of inflammation. IGF-1 based therapy is thus proposed 
for treating such chronic autoimmune diseases as it has 
a role in modulating the IGF-1/IGF-IR (IGF-1 receptor) 
signaling pathway and thus modulating immune 
response and Treg cell proliferation.23

	 The present study is an initial exploration of the 
possible genetic impact of 192bp polymorphism and 
serum levels of IGF-1 as a disease predisposing factor 
for RA in Pakistani population. Our study showed 
presence of 192 bp allele of IGF-1 in 77% population. 
A population-based study reports presence of 192-
bp allele in almost 88% of the general population.24 
Another study observed that only a minor 3% of all 
the study participants displayed the absence of 192-bp 
allele of IGF-1.10
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Fig.2: Comparison of Serum IGF-1 levels in 
IGF-1 192 bp carriers and non-carriers

in RA patients and healthy group.

Fig.1: Comparison of Serum IGF-1 levels 
in Patients and Controls.
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	 Our study showed a significant difference in serum 
IGF-1 levels between carriers and non-carriers of 192bp 
allele in RA patients, with higher serum level seen in 
carriers. In a previous study, it was seen that individuals 
carrying the 192bp allele had a significantly higher 
level of IGF-1 compared with non-carriers, this was in 
accordance with our findings indicating that 192bp allele 
effects the serum level of IGF-1.25 Another population-
based study suggests that higher the number of 192bp 
alleles carried, higher the serum IGF-1 level.24 In one 
study, it is reported that male patients who were non-
carriers of 192bp allele had lower serum IGF-1 levels but 
it was not statistically significant.10 
	 In our study, a significant difference in 192bp 
carrier status was seen between RF+ive and RF-ive 
patients. In our study, a significant difference was 
also observed in severity of disease between carriers 
and non-carriers of 192bp allele after applying gender 
stratification with the disease being more severe in 
male carriers of 192 bp allele. Contrary to our results, 
a previous study reports more severe disease was 
seen in non-carriers of 192 bp allele.10

Limitation of the study: The limitation of the present 
study is the small sample size. As this is a small scale 
study, our assumptions need to be confirmed in further 
studies. Furthermore, it’s difficult to establish fully, 
the pathogenic role of the SNPs by evaluating the 
importance of single gene effects. However, the strength 
of the study is that there is lack of similar data from 
Pakistan in the literature. A larger sample size and 
multicentric study should be designed with focus on 
more genetic analysis as ours is a pilot study providing 
the foundation for future studies. 

CONCLUSIONS

	 To conclude, our findings suggest that there is variation 
in serum IGF-1 levels due to presence or absence of 192bp 
allele of IGF-1. Carriers of 192bp allele have higher serum 
levels of IGF-1 in our study as well as various previous 
studies. As IGF-1 has a protective growth modulatory role, 
it’s deficiency could also have a role in the pathogenesis 
of RA. Moreover, there is an association of severity of 
RA with IGF-1 gene polymorphism, however, results are 
contradictory as our study showed more severe disease in 
carriers while a previous study showed greater severity 
of RA in non carriers of 192 bp allele. Clearly further 
research is required to elucidate the correlation of IGF-1 
and its genetic variants with the RA disease activity. 

Disclaimer: The study is part of a Ph.D. thesis.

Conflict of interest: None.

Source of Funding: Self funded.

REFERENCES
1.	 Haridoss M, Bagepally BS, Natarajan M. Health-related quality of life in rheumatoid 

arthritis: Systematic review and meta-analysis of EuroQoL (EQ-5D) utility scores from 
Asia. Int J Rheum Dis. 2021;24:314-326. doi: 10.1111/1756-185X.14066

2.	 Mohsin Z, Asghar AA, Faiq A, Khalid I, Ul-Haque I, Rehman S, et al. Prevalence of 
rheumatic diseases in a tertiary care hospital of Karachi. Cureus. 2018;10(6):e2858. 
doi: 10.7759/cureus.2858 

3.	 Naqvi AA, Hassali MA, Aftab MT. Epidemiology of Rheumatoid Arthritis, clinical 
aspects and socioeconomic determinants in Pakistani patients: A systematic review and 
meta-analysis. J Pak Med Assoc. 2019;69:389-398. 

4.	 Naeem F, Khan SEA, Saeed MA, Farman S. Diagnostic and therapeutic delay 
in Rheumatoid Arthritis patients: Impact on disease outcome. Pak J Med Sci. 
2021;37(4):1001-1007. doi: 10.12669/pjms.37.4.3471

5.	 Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. 2016;388:2023-2038. 
doi: 10.1016/S0140-6736(16)30173-8.

6.	 Koga T, Kawakami A and Tsokos GC. Current insights and future prospects for the 
pathogenesis and treatment for rheumatoid arthritis. Clin Immunol. 2021;225:108680. 
doi: 10.1016/j.clim.2021.108680.

7.	 Ghouri M, Ismail M, Zaidi SA, Rehman S, Dahani A, Saleem S, et al. Multi-locus 
SNP analyses of interleukin 1 receptor associated kinases 2 gene polymorphisms 
with the susceptibility to rheumatoid arthritis. Plos One. 2022;17:e0268496. 
doi: 10.1371/journal.pone.0268496

8.	 Shah BG, Mushtaq S, Saeed A, Khan MF, Javed A. Comparison of disease activity in 
anti-mutated citrullinated vimentin positive and anti-mutated citrullinated vimentin 
negative subjects with rheumatoid arthritis. Ann Allied Health Sci. 2021;7(1):17-20.

9.	 Ivanova M, Manolova I, Stoilov R and Stanilova S. Comparisons of+ 
3179G/A insulin-like growth factor 1 receptor gene distribution between two 
inflammatory arthritides and healthy adults. Arch Rheumatol. 2021;36(2)2:27. doi: 
10.46497%2FArchRheumatol.2021.8234

10.	 Dhaunsi G, Uppal S and Haider M. Insulin-like growth factor-1 gene polymorphism 
in rheumatoid arthritis patients. Scand. J Rheumatol. 2012;41:421-425. 
doi: 10.3109/03009742.2012.691177

11.	 Sun L, Su J, Wang M. Changes of serum IGF-1 and ET-1 levels in patients 
with osteoporosis and its clinical significance. Pak J Med Sci.  2019;35:691-695. 
doi: 10.12669/pjms.35.3.84

12.	 Makinen H, Kautiainen H, Hannonen P, Sokka T. Is DAS28 an appropriate tool to 
assess remission in rheumatoid arthritis? Ann Rheum Dis. 2005;64(10):1410-1413. 
doi: 10.1136/ard.2005.037333

13.	 Erlandsson MC, Töyrä Silfverswärd S, Nadali M, Turkkila M, Svensson MND, 
Jonsson IM, et al. IGF-1R signalling contributes to IL-6 production and T cell 
dependent inflammation in rheumatoid arthritis. Biochim Biophys Acta Mol Basis Dis. 
2017;1863(9):2158-2170. doi: 10.1016/j.bbadis.2017.06.002. 

14.	 Zhao YL, Wu J, Zhang TP, Cheng QY, Wang XP, Gu MM, et al. Circulating insulin-
like growth factor-1 levels in patients with rheumatoid arthritis: a meta-analysis. 
Curr Pharm Des. 2019;25:1091-1098. doi: 10.2174/1381612825666190319124009

15.	 Yang J, Yuan Y, Hu X, Han R, Chen M, Wang M, et al. Low serum levels of insulin-
like growth factor-1 are associated with an increased risk of rheumatoid arthritis: 
a systematic review and meta-analysis. Nutr Res. 2019;69:9-19. doi: 10.1016/j.
nutres.2019.05.006

16.	 Lee SD, Chen LM, Kuo WW, Shu WT, Kuo WH, Huang EJ et al. Serum insulin-like 
growth factor-axis and matrix metalloproteinases in patients with rheumatic arthritis 
or rheumatic heart disease. Clinica Chimica Acta. 2006;367:62-68. doi: 10.1016/j.
cca.2005.11.015

17.	 Baker JF, Von Feldt JM, Mostoufi-Moab S, Kim W, Taratuta E, Leonard MB. Insulin-
like Growth Factor 1 and Adiponectin and Associations with Muscle Deficits, Disease 
Characteristics, and Treatments in Rheumatoid Arthritis. J Rheumatol. 2015;42(11):2038-
2045. doi: 10.3899/jrheum.150280

18.	 Lee H, Suh YS, Lee SI, Cheon YH, Kim M, Noh HS et al. Serum IGF-1 in patients with 
rheumatoid arthritis: correlation with disease activity. BMC Res Notes. 2022;15(1):1-5. 
doi: 10.1186/s13104-022-06008-0

19.	  Spartano NL, Stevenson MD, Xanthakis V, Larson MG, Andersson C, Murabito JM et 
al. Associations of objective physical activity with insulin sensitivity and circulating 
adipokine profile: the Framingham Heart Study. Clin Obes. 2017;7(2):59-69. doi: 
10.1111/cob.12177

20.	 Siegel P, Tencza M, Apodaca B, Poole JL. Effectiveness of Occupational Therapy 
Interventions for Adults With Rheumatoid Arthritis: A Systematic Review. Am J Occup 
Ther. 2017;71(1):7101180050p1-7101180050p11. doi: 10.5014/ajot.2017.023176

21.	 Suzuki S, Morimoto S, Fujishiro M, Kawasaki M, Hayakawa K, Miyashita T, et al.  
Inhibition of the insulin-like growth factor system is a potential therapy for rheumatoid 
arthritis. Autoimmunity. 2015;48(4):251-258. doi: 10.3109/08916934.2014.976631

22.	 Boström EA, Svensson M, Andersson S, Jonsson IM, Ekwall AK, Eisler T, et al.  Resistin 
and insulin/insulin-like growth factor signaling in rheumatoid arthritis. Arthritis 
Rheum. 2011;63(10):2894-2904. doi: 10.1002/art.30527

23.	 Niemantsverdriet E, van den Akker EB, Boeters DM, van den Eeden SJ, Geluk A, Van 
der Helm-van Mil A. Gene expression identifies patients who develop inflammatory 
arthritis in a clinically suspect arthralgia cohort. Arthritis Res Therapy. 2020;22:1-7. doi: 
10.1186/s13075-020-02361-2

24.	 Vaessen N, Heutink P, Janssen JA, Witteman JC, Testers L, Hofman A, et al. A 
polymorphism in the gene for IGF-I: functional properties and risk for type 2 diabetes 
& myocardial infarction. Diabetes. 2001;50: 637-642. doi: 10.2337/diabetes.50.3.637

25.	 Rahaman SMA, De D, Handa S, Pal A, Sachdeva N, Ghosh T, et al. Association of 
insulin-like growth factor (IGF)-1 gene polymorphisms with plasma levels of IGF-1 and 
acne severity. J Am Acad Dermatol. 2016;75:768-773. doi: 10.1016/j.jaad.2016.05.019

Authors’ Contribution:

IF: Sample collection, experimental laboratory work, data 
entry and manuscript writing. 
SK: Supervised research, Statistical analysis and 
interpretation of data, Review and final approval of the 
manuscript. 
FB: Review of the statistical analysis.
HK: Study design, supervised research, review and final 
approval of the manuscript.
All the authors are responsible and accountable for the 
accuracy or integrity of the work.


	_GoBack
	_Hlk118207081
	_GoBack
	_Hlk92138754
	_GoBack
	_GoBack
	_GoBack
	_Hlk64470489
	_Hlk64459541
	_Hlk87560551
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK69
	OLE_LINK7
	OLE_LINK9
	OLE_LINK5
	OLE_LINK10
	OLE_LINK8
	OLE_LINK13
	OLE_LINK14
	OLE_LINK19
	OLE_LINK15
	_GoBack
	_GoBack
	_GoBack
	_Ref3327
	_GoBack
	_GoBack
	_Hlk116486558
	_Hlk115941283
	_Hlk113741367
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK1
	_Hlk122303700
	_GoBack
	_GoBack
	ethics_statement
	_GoBack
	conflict_of_interest
	funding_statement
	_Hlk101513502
	_GoBack
	_Hlk106659778
	_Hlk100996211
	_Hlk110277773
	_Hlk107840969
	_Hlk110277829
	_Hlk107841030
	_Hlk110277912
	_Hlk107139660
	_Hlk107841735
	_Hlk109742524
	_Hlk107841896
	_GoBack
	_Hlk113878862
	_Hlk113446750
	_Hlk113447613
	_Hlk113447097
	_Hlk112927412
	_Hlk113876489
	_Hlk112702405
	_Hlk113876529
	_Hlk113877722
	_Hlk113878486
	_Hlk113876588
	_Hlk112927488
	_Hlk112930447
	_Hlk113358159
	_Hlk113878197
	_GoBack
	_Hlk125123268
	_Hlk105353036
	_Hlk81569967
	_Hlk82260851
	_Hlk81574806
	_GoBack
	_Hlk86148866
	OLE_LINK1
	_GoBack
	_Hlk37670211
	_Hlk39965446
	_Hlk39965896
	_Hlk39966042
	_Hlk38964758
	_Hlk39966716
	_Hlk39923377
	_GoBack
	_Hlk101009958
	_Hlk39966851
	_Hlk108247382
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk108350803
	_GoBack

