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Abstract 

Aims

Obesity, type 2 diabetes (T2D), and chronic inflammation are 
associated with disturbances in iron metabolism. Hepcidin is 
hypothesized to play a role in these alterations owing to its strong 
association with inflammation via the JAK-STAT3 pathway. The current 
study investigated the differences between inflammatory markers and 
iron indices and their association with hepcidin in lean women, 
women with obesity, and women with obesity and T2D (obesity-T2D) 
in The Gambia.

Materials and methods

In a cross-sectional study design, fasted blood samples were collected 
from three groups of women: lean women (n=42, body mass index 
(BMI)=20.9 kg/m2), women with obesity (n=48, BMI=33.1 kg/m2) and 
women with obesity-T2D (n=30, BMI=34.5 kg/m2). Markers of 
inflammation (IL-6 and CRP) and iron metabolism [hepcidin, iron, 
ferritin, soluble transferrin receptor (sTfR), transferrin, transferrin 
saturation, and unsaturated iron-binding capacity (UIBC)] were 
compared using linear regression models. Simple regression analyses 
were performed to assess the association between hepcidin levels and 
respective markers.

Results
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Women with obesity and obesity-T2D showed elevated levels of 
inflammatory markers. There was no evidence that markers of iron 
metabolism differed between lean women and obese women, but 
women with obesity-T2D had higher transferrin saturation, higher 
serum iron concentration, and lower UIBC. Serum hepcidin 
concentrations were similar in all the groups. Hepcidin was not 
associated with markers of inflammation but was strongly associated 
with all other iron indices (all P<0.002).

Conclusion

Contrary to our original hypothesis, hepcidin was not associated with 
markers of inflammation in the three groups of Gambian women, 
despite the presence of chronic inflammation in women with obesity 
and obesity-T2D.

PLAIN LANGUAGE SUMMARY  
Obesity, type 2 diabetes (T2D), and chronic inflammation are linked to 
disturbances in iron metabolism, with hepcidin possibly playing a key 
role in this relationship. While the role of hepcidin in iron metabolism 
has been well studied in the context of infectious diseases, its role in 
metabolic disorders, such as obesity and T2D, remains insufficiently 
explored.  
 
This study provides new insights into the link between hepcidin, iron 
indices, and inflammation markers in lean women, women with 
obesity, and women with obesity-T2D from The Gambia. Surprisingly, 
no association was found between hepcidin levels and markers of 
inflammation in women with obesity and obesity-T2D, which 
contradicts what was initially expected.  
 
This study generated hypotheses regarding the interconnectedness of 
iron metabolism, insulin metabolism, and pathogenesis of T2D, which 
should be investigated further in this specific study population. 
Understanding these mechanisms and links may lead to better care 
practices and interventions for women with T2D in The Gambia and 
beyond.
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Introduction
Chronic inflammation, obesity, and type 2 diabetes (T2D) are 
strongly linked1,2. Chronic low-grade adipose tissue inflam-
mation in obese patients induces a cascade of processes in the 
immune system that can result in insulin resistance, hyperin-
sulinemia, dysregulated glucose homeostasis, β-cell exhaustion, 
and dysfunction, ultimately leading to T2D3. While the exact  
pathways of the pathogenesis of T2D are still under investiga-
tion, elevated iron stores have been speculated to mediate the  
development and progression of diabetes and its complications4,5. 
This is most likely due to oxidative stress in pancreatic β-cells, 
which reduces their insulin secretory capacity, resulting in β-cell  
failure6–9. Other studies have shown that iron overload can lead 
to defective insulin binding to receptors and defective insulin 
clearance, resulting in insulin resistance, as confirmed in ani-
mal models6. Interestingly, there appears to be a bidirectional  
relationship between iron metabolism and diabetes, indicating that  
alterations in insulin metabolism also affect iron metabolism7.  
Changes in iron metabolism are observed in patients  
with diabetes, as well as in obese patients10–13, with hepcidin  
potentially central to this relationship14.

The peptide hormone hepcidin is the primary mediator of iron 
distribution in the body. Hepcidin regulates serum iron by  
trapping iron in liver cells and macrophages and regulates the 
absorption of iron in the small intestine (Figure 1)14,15. Hepcidin 
is regulated via three main pathways: iron status, erythropoi-
etic drive, and inflammatory signaling16. The role of hepcidin  
has been predominantly studied in viral, bacterial, and proto-
zoal infections17. In the case of an infection, inflammation trig-
gers the expression of liver hepcidin, and via this pathway, 
iron metabolism is closely linked to systematic inflammatory 
responses in the body16–19. Hepcidin is also expected to be ele-
vated during low-grade inflammation in patients with chronic  
diseases such as obesity and/or T2D.

Higher concentrations of interleukin (IL)-6, commonly found 
in patients with obesity and/or T2D trigger the expression 
of liver hepcidin via the JAK-STAT3 pathway14,20–22. This is 
believed to be one of the main reasons why obesity is associ-
ated with reduced iron absorption, reduced iron stores, and  
hypoferremia13,21,23. The association of T2D with iron status 
and hepcidin is less clear, with both anemia and iron overload 

Figure 1. Schematic overview of regulation of hepcidin synthesis. The three major pathways of hepcidin synthesis are iron status, 
erythropoietic signalling, and inflammatory signalling14. The iron status was measured via HFE, TFR1, TRF2, and BMP6R in the hepatocyte 
membrane14,16. When signals of high hepatic stores of iron or high serum iron concentrations are detected, the BMP/SMAD pathway is 
activated. In a state of inflammation, serum IL-6 activates IL-6R, which in turn activates the JAK/STAT3 pathway20. Both the pathways for 
detecting iron status and inflammation result in hepcidin mRNA transcription. EFRE, a hormone released by erythroblasts, inhibits hepcidin 
transcription through mechanisms that are not yet fully understood. However, it is likely to attenuate BMP/SMAD signalling. When hepcidin 
is released into the bloodstream, it signals to effector cells, such as macrophages and enterocytes, to degrade FPN, so that no more iron 
is released into the bloodstream from macrophages and less dietary iron is absorbed via the enterocytes. BMP6, bone morphogenetic 
protein 6, BMP6R= BMP6 receptor; EFRE, erythroferrone; FPN, ferroportin; HAMP, hepcidin antimicrobial peptide; holo-tF, holo-transferrin; 
HFE, hemochromatosis protein, IL-6R=IL6 receptor; TRF, = transferrin receptor, STAT 3 = signal transducer and activator transcription 3; JAK, 
Janus kinase. SMAD/1/5/8 should read SMAD 1, 5 or 8. Created using Biorender.com.
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being detected in T2D patients24–27. Visualization of all the  
described pathways is shown in supplemental Figure S1.

To study the degree to which changes in iron metabolism in 
obesity and T2D can be linked to alterations in hepcidin lev-
els and chronic inflammation, we studied three groups of Gam-
bian women. In lean women, obese women, and women with  
obesity-T2D we assessed a) group differences in inflamma-
tory and iron markers, b) associations between hepcidin and 
markers of inflammation, and c) associations between hepcidin  
and markers of iron status.

Methods
Participants
The participants were originally recruited for Metabolic  
Endotoxemia and Diabetes in the obese Urban woMen (MEDiUM) 
study in 2016. Participants were selected using a convenience 
sampling approach. Sample size calculation was performed 
for the primary analysis, and the details of this study have  
been published elsewhere28. This cross-sectional study included 
three groups of Gambian women (age-range 25–60 years): 
lean women (BMI: <25.0 kg/m2), women with obesity (BMI  
≥30 kg/m2), and women with obesity-T2D (BMI: ≥30 kg/m2 with 
confirmed diagnosis of T2D). The women with obesity-T2D  
were recruited from the Diabetes Clinic at the Edward Francis 
Small Teaching Hospital in Banjul. The other two groups were 
recruited via house-to-house screening in Bakau and Serrekunda  
communities in Kanifing Municipality. Lean women and their 
obese peers were screened for T2D, and those with a fasting  
or random capillary glucose concentration of ≥7.0 mmol/L  
or ≥11.0 mmol/L respectively, were excluded and referred for 
investigation and management. Participants who were on renal 
dialysis, had a confirmed diagnosis of inflammatory bowel  
disease, a self-reported 2-week history of acute febrile illness, a  
self-reported 2-week history of diarrhea, current use of laxatives  
or antibiotics, or a 2-week self-reported history of using  
medication for hyperlipidemia were excluded28. The study details 
were explained to the participants prior to their consent and  
recruitment. For the present study, 120 participants were  
included who completed the study and had their blood  
collected: lean women (n=42), women with obesity (n=48),  
women with obesity-related T2D (n=30).

We collected sociodemographic data, household size (those eat-
ing from the same cooking pot), level of educational attainment, 
and household assets (as indicators of socioeconomic status),  
including the availability of water at home (availability of piped 
water in household dwellings, piped water into compounds, 
or open wells in the compound). We also collected anthropo-
metric data (weight, height, and body composition using bio-
impedance) and measured the blood pressure. Fasted blood 
samples were collected after an overnight fast, processed, and  
frozen at -80°C prior to analysis.

The study protocol was reviewed by the Scientific Coordi-
nating Committee of the MRC Unit, The Gambia London 
School of Hygiene and Tropical Medicine, and full ethical 
approval was granted by the Joint Gambia Government/MRC  
Ethics Committee (SCC 1407).

Patient involvement
Patients and the general public were not directly involved in 
the design, conduct, or implementation of this study. This  
technical approach requires limited direct involvement.

Anthropometry and body fat assessment
Participants’ height was assessed using a calibrated stadiom-
eter (Leicester height measure, Seca 214, UK) to the nearest  
0.1 cm. Body weight (±0.1 kg using digital scales calibrated 
daily (Tanita BC-418MA, Tanita Corporation, Tokyo, Japan). 
Other measures of body composition were measured using a 
segmental analyzer via bioelectrical impedance analysis (Tanita  
BC-418MA, Tanita Corporation, Tokyo, Japan). Blood pres-
sure was measured three times at one time point using an auto-
mated Omron 705IT device. More details on data collection  
are described elsewhere28.

Laboratory analysis
Plasma hepcidin concentration was measured using a  
commercially available ELISA kit (DRG Instruments, Marburg,  
Germany, cat no: (EIA-5782), according to the manufacturer’s 
instructions. The measurements were adjusted for the kit used 
with previously documented regression formulas formulated 
by Van der Vorm et al. to standardize the test results29. Serum  
iron (cat no: 03 183 696 122), ferritin (cat no: 03 528 995 190),  
transferrin (cat no: 03 015 050 122), soluble transferrin  
receptor (sTfR) (cat no: 20 763 454 122), unsaturated  
iron-binding capacity (UIBC) (cat no: 04 536 355 190), and  
C-reactive protein (CRP) (cat no: 20 764 930 322) levels were 
assayed using a Cobas Bio400 biochemical analyzer (Cobas 
Fara, Roche, UK). IL-6 was measured using a Thermo Fisher  
Scientific (Life Technologies) IL-6 high-sensitivity ELISA 
(cat no: BMS213HS, Thermo Fisher Scientific, Waltham,  
Massachusetts, USA) with a detection limit of 0.03 ng/L.  
All laboratory analyses were conducted strictly in accordance 
with the manufacturer’s instructions, which included precise  
measurements of all reagents specified for the tests.

Transferrin saturation was calculated using the following  
formula: (total serum iron / [UIBC + total serum iron]) × 100%, 
with both variables expressed in µmol/L30. The STfR index was 
calculated using the following formula: (sTfR/Log

10
(ferritin))31, 

where sTfR and ferritin were expressed in mg/L and µg/L,  
respectively.

Statistical analysis
All analyses were performed using StataBE 17 software  
(StataCorp, College Station, TX, USA). Population characteristics  
such as age, cardiometabolic parameters, and demographics are 
presented for each study group (mean ± SD, unless mentioned 
otherwise). Iron and inflammation markers were compared  
using linear regression adjusted for age, which was considered a 
confounder. Ferritin levels were also adjusted for inflammation 
(CRP) (supplemental Figure S2). The outcome variables were 
log-transformed when the distribution of residuals was skewed  
(serum iron, ferritin, sTfR, CRP, IL-6, UIBC, transferrin  
saturation). For the models with UIBC and sTfR as an  
outcome, one outlier in each of the models was removed  
(UIBC=1.2µmol/L and sTfR=26.6 mg/L) that was >300% of  
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the IQR when the outcome was log-transformed. When log 
transformation was unsuccessful in normalizing the residuals, a  
gamma distribution was used to fit the model. This was  
performed for the model with ferritin as the dependent  
variable. P-values for group differencesare reported and p<0.05 
was considered to be strong evidence. The sTfR index was not  
considered in further analysis because of its highly skewed  
distribution. To study predictors of hepcidin, univariate  
analyses were performed using linear regression models with 
hepcidin as the outcome variable and one of the (transformed)  
iron/inflammatory markers as the independent variable for 
all participants grouped together. Sensitivity analysis was 
performed to determine whether the associations were dif-
ferent for each study group. Interactions by group in each 
univariate analysis were assessed by comparing multiple  
fractional polynomial models with and without an interaction  
(product) term. Finally, a multiple fractional polynomial model 
was built to determine the covariates (and functions) to be  
included in the multivariate model predicting hepcidin  
levels (the mfp procedure was used in Stata, with an  
acceptance threshold of p < 0.05).

Results
Baseline characteristics
The baseline characteristics of the three study groups are shown 
in Table 1. A total of 120 women were included in this study 
(flowchart shown in supplemental Figure S3). Compared with  
their lean counterparts, obese women were more educated.  
Women with obesity-T2D seemed to come from a higher  
socioeconomic class compared to the two other groups, as  
indicated by the presence of water sources and flush toilets  
in the households. As expected, women with obesity and  
obesity-T2D had a higher fat percentage, higher fat mass index, 
and lower fat-free mass index than their lean counterparts. 
These parameters for body composition were similar in obesity  
and obesity-T2D. T2D was also associated with older age. 
T2D was also associated with higher fasting blood glucose  
(FBG) levels, despite all patients being on treatment. Women 
in the lean and obese groups had FBG levels within the  
healthy range. Blood pressure levels were highest in women with 
obesity-T2D and lowest in the lean group. Among the women with 
obesity-T2D, 57.7% had a transferrin saturation higher than 45%.

Table 1. Population characteristics of the study populations (lean women, women with obesity and 
women with obesity-related T2D).

Variables Lean women 
(n=42)

Women with 
obesity (n=48)

Women with 
obesity-related 
T2D (n=30)

Overall p

Sociodemographic parameters

Age (years)† 37.3±1.2 38.0±1.2 49.2±1.2 p<0.001‡

Education, n (%) p=0.68§

   None 22 (52.4) 19 (39.6) 11 (36.7)

   Lower basic (year 1–6) 6 (14.3) 11 (22.9) 8 (30.0)

   Junior secondary (year 7–9) 7 (16.7) 7 (14.6) 4 (13.3)

   Senior secondary and above 7 (16.7) 11 (24.9) 6 (20.0)

Household size (persons)† 10±1.9 11±1.7 9±1.8 p=0.40‡

Water in home $, n (%) 34 (80.0) 47 (97.9) 24 (80.0) p=0.01§

Flush toilet, n (%) 17 (40.5) 26 (54.2) 26 (86.7) p<0.001§

Anthropometric parameters

   BMI (kg/m2)† 20.9±1.1 33.1±1.1 34.5±1.1 p<0.001‡

   Body fat (%) 29.5±5.8 44.4±3.9 46.2±4.1 p<0.001¶

   Fat Mass index (kg/m)† 9.8±1.3 23.7±1.2 25.7±1.2 p<0.001‡

   Fat Free Mass index (kg/m) 23.9±1.4 29.7±2.3 30.1±2.7 p<0.001¶

Cardiometabolic indicators 

   Fasted blood glucose (mmol/L)† 4.8±1.1 5.3±1.1 8.9±1.4 p<0.001‡

   Systolic BP (mmHg)† 117±1.1 128±1.2 144±1.2 p<0.001‡

   Diastolic BP (mmHg)† 74±1.1 79±1.2 86±1.2 p<0.001‡

   Pulse pressure (mmHg)† 42±1.2 48±1.3 57±1.3 p<0.001‡

   Pulse rate (bpm)† 74±1.1 71±1.1 82±1.1 p<0.001‡

   Hypertension, n (%)†† 6 (14.3) 13 (27.1) 14 (46.7) p=0.01§
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Markers of inflammation and iron metabolism
Figure 2 shows the predicted means and 95% CIs of the mark-
ers of inflammation and iron metabolism. We observed lower 
serum concentrations of CRP and IL-6 in lean women. These 
values were higher and similar in women with obesity and  
obesity-T2D. The iron concentration was higher in women with 
obesity than in women with obesity-T2D. There is some indi-
cation that serum concentrations of hepcidin and ferritin are 
higher in women with obesity-T2D, compared to the other two 
study groups; however, no strong evidence was found. The  
serum concentrations of sTfR and transferrin were similar in all 
groups. Finally, transferrin saturation values were higher and 
UIBC was lower in women with obesity-T2D compared than 
in the other two groups, while they were similar in lean women  
and women with obesity.

Predictors of hepcidin concentration
Figure 3 shows the association between hepcidin with lev-
els and the markers of inflammation and iron metabolism. The 

strengths and natures of the associations were similar in each  
study group. Therefore, the results for the three study groups 
were grouped to fit the regression models. No association was 
found between hepcidin and the inflammatory markers, IL-6 
and CRP. Strong evidence was found for a positive associa-
tion between hepcidin and log serum iron, log ferritin, and log  
transferrin saturation as well as a negative association 
between hepcidin and log sTfR, transferrin, and log UIBC (all  
p<0.002). The strongest association was observed between  
ferritin and hepcidin levels. Age (continuous) was also a  
predictor of hepcidin serum concentrationlevels (p<0.001).  
Multivariable fractional polynomial modelling showed that  
the best model for predicting hepcidin was a univariate  
model with log-transformed ferritin as the predictor, which  
was shown to be better than a multivariate model.

Discussion
We did not observe differences in iron metabolism markers 
between lean women and obese women, but we found evidence 

Variables Lean women 
(n=42)

Women with 
obesity (n=48)

Women with 
obesity-related 
T2D (n=30)

Overall p

Serum inflammatory markers‡‡

   CRP (mg/L)† 1.1±0.9 4.0±2.6 7.1±3.0 p<0.001‡

   IL-6 (ng/L)† 0.9±1.9 1.4±1.9 1.7±1.6 p<0.001‡

Serum iron markers‡‡

   Hepcidin (µg/L) 7.1±3.5 7.3±3.9 10.5±5.6 p<0.001¶

   Iron (µmol/L) 15.3±1.4 14.6±1.3 17.9±1.3 p=0.02‡

   Ferritin (µg/L)††† 40.1 [18.9-59.4] 35.1 [20.5-57.2] 88.8 [51.1-168.8] p<0.001¶¶

   Soluble transferrin receptor (sTfR) (mg/L)† 4.4±1.4 4.2±1.4 4.1±1.5 p=0.76‡

   Transferrin (g/L) 3.0±0.5 3.0±0.5 3.0±0.4 p=0.99¶

   Transferrin saturation (%)† 26.8±1.7 24.1±1.6 43.7±1.3 p<0.001‡

   Transferrin saturation > 45%, n (%)§§ 8 (19.1) 5 (10.4) 17 (56.7) p<0.001¶

   UIBC (µmol/L)† 26.0±1.6 24.1±1.6 43.7±1.6 p<0.001‡

   sTfR index‡‡‡,††† 2.6 [2.2-4.2] 2.5 [2.0-3.7] 1.9 [1.7-2.6] p=0.04¶¶

T2D: Type-2 diabetes, BMI, body mass index; CRP, C-reactive protein; UIBC, unsaturated iron-binding capacity.
†GM±SD: geometric mean ± geometric standard deviation (SD
‡ANOVA test with log-transformed variables to meet the assumption of a normal distribution
§Fisher’s exact test
¶ANOVA test
††Based on cut-off values of SDB ≥ 140 mmHg and/or DBP ≥ 90 mmHg.
‡‡5–12 missing data points, varying per variable
§§Measures that could indicate iron overload32

¶¶Kruskal-Wallis test (when log transformation was unsuccessful in obtaining a normal distribution).
†††Median [IQR]
‡‡‡(sTfR/10Log (ferritin))
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of elevated iron stores in the obese-T2D group. Raised serum  
hepcidin concentrations were observed in the obesity-T2D 
group, but no strong evidence was found. Moreover, hepcidin 

was not associated with the inflammatory markers CRP and 
IL-6, whereas all other measures of iron markers were strong  
(dependent) predictors of hepcidin serum concentration.

Figure 2. Paired group comparisons of age-adjusted (at mean) predicted means and 95%CIs of markers of inflammation (CRP 
and IL-6) and markers of iron metabolism (iron, hepcidin, ferritin, sTfR, TRSF, TRSF saturation, UIBC). L, lean women (red); O, 
obese women (green); O-T2D, obese women with type 2 diabetes (blue). CRP, C-reactive protein; IL-6, interleukin 6; sTfR, soluble transferrin 
receptor; TRSF, transferrin. In addition to age, ferritin was also adjusted for inflammation, as it changed the measure of association by >10% 
(supplementary Figure 2). Note that not all the y-axes start at zero.
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The elevated levels of IL-6 and CRP in women with obesity 
and obesity-T2D indicate that these groups indeed suffer from 
chronic inflammation, which agrees with other studies in both 

Western populations and people living in sub-Saharan Africa  
(SSA)33,34. We hypothesized that chronic inflammation is associated  
with the upregulation of hepcidin. However, in the current  

Figure 3. Association of hepcidin with (log transformed) markers of inflammation (CRP and IL-6) and serum iron markers 
(iron, hepcidin, ferritin, sTfR, TRSF, TRSF saturation, UIBC) for the three study groups grouped together. Red = lean women, 
green = women with obesity, blue = women with obesity-T2D. CRP: C-reactive protein, IL-6: Interleukin 6, sTfR: soluble transferrin  
receptor, TRSF=transferrin. The red line in each figure indicates the fitted regression line and the grey area indicates the 95% confidence 
band for this line. * One influential outlier (7.2, 22.2) was removed (supplementary Figure 4).
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study, all markers of iron metabolism, including hepcidin, 
were similar in lean women and women with obesity.  
While it is generally accepted that obesity is associated with 
reduced iron absorption, lower iron stores, and hypoferremia in 
Western contexts, different patterns have been observed in African  
contexts23. Several studies on SSA have not found a link between 
lower iron stores, micronutrient deficiencies, and obesity35–37.  
While a double burden of malnutrition exists in many countries 
in SSA, evidence for the double burden within the same indi-
vidual is weak. A study by Williams et al., in which the associa-
tion between iron status and obesity was studied in 17 countries,  
the general trend showed that in LMICs, including several  
African countries, obese and overweight women were less 
likely to suffer from anemia or micronutrient deficiencies com-
pared to lean individuals38. It is important to consider that in  
Western countries, obesity is associated with lower socioeco-
nomic status and linked to diets low in micronutrients, while the 
opposite is true in many African countries, such as The Gambia28. 
It has been shown that in most countries in SSA, higher SES is 
associated with higher rates of overweight and obesity, as well 
as lower rates of anemia39. This could explain the differences in  
the findings in the Western and African contexts.

Notably, higher levels of transferrin saturation and lower levels  
of UIBC in women with obesity-T2D could indicate higher  
body iron stores in these women than in lean women and women 
with obesity only. The trend of higher serum iron and ferritin 
levels (unadjusted and adjusted for inflammation) adds to this 
evidence. A high proportion (57%) of iron overload (transferrin  
saturation >45%) among women with obesity-T2D is notable. 
Higher transferrin saturation is associated with higher mortality  
rates and faster progression of diabetes and its complica-
tions, making it a relevant marker for further investigation40.  
T2D has been linked to elevated levels of transferrin saturation  
before, especially at a more advanced stage of disease, but  
research is inconsistent as T2D has also been linked to  
anemia10,24–26. Similarly, both elevated and lower hepcidin levels  
have been reported in T2D patients10. The two can even 
occur at the same time as T2D patients who present with iron  
overload can still have subclinical anemia, indicated by lower 
hemoglobin concentrations10. The strong association of hepcidin  
with all other measured iron markers indicates that hepcidin is 
well regulated via pathways of body iron stores, and is similar  
to other studies that look into the association of hepcidin and 
markers of iron metabolism41,42. One hypothesis is that women 
with T2D may develop hepcidin resistance, which reduces  
the ability of hepcidin to lower iron stores.

However, this does not explain why we did not find any  
association between inflammatory markers and hepcidin serum 
concentrationlevels in women with obesity-T2D, where we  
would expect an association. It has been suggested that in chronic 
inflammation, a certain threshold of inflammation needs to be 
reached to affect iron metabolism via JAK-STAT3, but also at 
higher levels of inflammation; no association was found35. An 
alternative hypothesis is that the JAK-STAT3 pathway, which 
regulates hepcidin expression via IL-6, is disturbed by another  

mechanism. Several studies have found evidence of a link 
between hepcidin and insulin metabolism, which is disturbed 
in patients with obesity and/or diabetes43. Lower hepcidin 
levels are linked to insulin resistance, and insulin sensitiv-
ity is improved by reducing the iron load via blood donations,  
indicating a causal relationship44–48. Interestingly, insulin resist-
ance has been associated with disturbances in the STAT3 path-
way and regulation of hepcidin49. The strongest evidence came 
from a study by Wang et al., in which lower hepcidin levels 
were observed in streptozotocin-induced diabetic rats50. When  
insulin was administered, hepcidin expression was upregulated, 
and hepcidin serum concentrations increased. When the STAT3 
pathway is blocked, the effect of insulin on hepcidin disap-
pears, suggesting that insulin directly affects hepcidin regulation 
via this pathway. This is a plausible hypothesis for the missing 
association between inflammation and hepcidin in women with 
obesity (who might already suffer from insulin resistance) and 
obesity-T2D, as well as elevated levels of iron in the obes-
ity-T2D group, at a more advanced stage of the disease. In lean 
women, only very low concentrations of inflammatory mark-
ers were observed, which were probably not critical for hepcidin  
expression35. If this hypothesis is correct, treatment with insu-
lin in women with obesity-T2D might not only correct elevated 
blood glucose levels (poorly controlled in this group) but could 
also correct hepcidin levels and lower iron stores, which are 
linked to alleviated insulin resistance14. In this case, the ben-
efit of insulin treatment in this patient group would be two-fold.  
Further research is required to confirm this hypothesis.

The main strength of this study is that we investigated the 
role of hepcidin in alterations of iron metabolism in obesity 
and obesity-T2D in an understudied population in which dif-
ferent patterns arise compared to studies in Western contexts.  
Even with a small sample size, strong associations between hep-
cidin and other iron markers were observed. This study has 
several limitations. First, in this study, we looked at a limited  
number of iron markers that can provide some indications of 
iron status but do not provide a complete picture of the iron 
profile of the participants, such as anemia status. Second, the  
cross-sectional nature of the study did not allow us to investi-
gate causal relationships, but merely into associations of mark-
ers of inflammation and iron metabolism at one time point. 
Third, no information was collected on dietary intake or insu-
lin metabolism; therefore, we could not test the hypotheses that 
were generated based on the study results. Finally, the women 
with obesity-T2D were substantially older than the other two  
groups, and the observed differences could be partly attrib-
uted to the age gap, rather than diabetes and/or obesity, even 
after adjusting for it. An observational study showed that meno-
pause is associated with higher iron stores51. However, the 
same study showed a strong association between elevated iron 
markers and insulin resistance, which again confirms the link  
between iron metabolism and insulin metabolism.

In conclusion, the current study confirmed that obesity and 
obesity-T2D are associated with markers of chronic inflam-
mation, but it did not confirm our hypothesis that hepcidin is  
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linked to these markers in three groups of Gambian women, 
of whom two were suffering from chronic inflammation due 
to obesity and/or T2D. The interactions of diet and insulin 
metabolism with hepcidin and iron status should be further  
investigated, as well as other possible explanations.

Ethics and consent
Ethics statement
The study protocol was reviewed by the Scientific Coordinating  
Committee of the MRC Unit, The Gambia London School 
of Hygiene and Tropical Medicine, and full ethical approval 
was granted by the Joint Gambia Government/MRC Ethics  
Committee on 13 March 2015 (approval number: SCC 1407). 
The study was conducted in accordance with the ethical  
principles outlined in the Declaration of Helsinki. (SCC 1407).

Consent to participate
The study details were explained to the participants prior to 
their consent and recruitment. Detailed study information was 
explained to study participants by a trained field assistant prior  
to obtaining signed or thumb printed consent. The procedure of 
obtaining written consent from all participants was approved 
by the Join Gambia Government/MRC Ethics Committee. 
The ethical approval committee granted a waiver for the full  
formal consent procedure.

Data availability statement
The protocol approved by the Joint Gambia Government/MRC  
Ethics Committee does not include sharing data beyond the 
investigators and requires a data transfer agreement prior to data 
sharing. The data that support the findings of this study are avail-
able upon request from Modou Jobe (modou.jobe@lshtm.ac.uk)  
and after a data transfer agreement is in place, as required by  
local regulations.

Extended data
Open Science Framework: Alterations of Hepcidin and Iron 
Markers associated with Obesity and Obesity-related Diabetes  
in Gambian Women. https://doi.org/10.17605/OSF.IO/JPV56.

This project contains the following extended data:

Data file 1. (Supplementary material study)

Data file 2. (STROBE checklist for cross-sectional studies)

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Siemonsma, M. (n.d.). Alterations of Hepcidin and Iron Markers 
associated with Obesity and Obesity-related Diabetes in Gam-
bian Women. Open Science Framework. https://osf.io/jpv56/ 
doi:10.17605/OSF.IO/JPV5652. Data are available under the 
terms of the Creative Commons Attribution 4.0 International  
License (CC BY 4.0).

Software availability
The analyses presented in this study were conducted using 
Stata, a proprietary software available from StataBE 17 software  
(StataCorp, College Station, TX, USA). However, the analyses  
can also be performed using free and open-source software,  
such as R Statistical Software.

Acknowledgments
The authors wish to acknowledge the support and active input 
from the Scientific Coordinating Committee (SCC) and the 
Research Support Office, MRC Unit, The Gambia at LSHTM. 
The authors thank the staff of the MRC Unit The Gambia at  
LSHTM and, in particular, Mr. Bakary Sonko, for his data  
management support; Dr. Alansana Darboe for useful advice 
during the planning phase of the study; Mr. Sainey Janneh and  
Mrs. Musukoi Jammeh for field activities; Mr. Lamin K Ceesay  
for executing all nursing activities during the study; and  
Mr. Baboucarr Soumbounou and Mr. Sheriffo Jarju for their 
laboratory work. We would also like to express our gratitude to  
the Chief Medical Director and staff of the Edward Francis  
Small Teaching Hospital for the opportunity to recruit  
participants at the Diabetes Clinic. Finally, we are grateful  
to the many study participants and their families, who were  
willing to contribute to this study.

References

1. 	 Emanuela F, Grazia M, Marco DR, et al.: Inflammation as a link between 
obesity and metabolic syndrome. J Nutr Metab. 2012; 2012(1)�� ��������: 476380.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2. 	 Tsalamandris S, Antonopoulos AS, Oikonomou E, et al.: The role of 
inflammation in diabetes: current concepts and future perspectives.  
Eur Cardiol. 2019; 14(1): 50–59.  
PubMed Abstract | Publisher Full Text | Free Full Text 

3. 	 Pandey A, Chawla S, Guchhait P: Type-2 Diabetes: current understanding  
and future perspectives. IUBMB Life. 2015; 67(7): 506–513.  
PubMed Abstract | Publisher Full Text 

4. 	 Swaminathan S, Fonseca VA, Alam MG, et al.: The role of iron in diabetes and 
its complications. Diabetes Care. 2007; 30(7): 1926–1933.  
PubMed Abstract | Publisher Full Text 

5. 	 Jiang R, Manson JAE, Meigs JB, et al.: Body iron stores in relation to risk of 
Type 2 Diabetes in apparently healthy women. JAMA. 2004; 291(6): 711–717. 
PubMed Abstract | Publisher Full Text 

6. 	 Cooksey RC, Jouihan HA, Ajioka RS, et al.: Oxidative stress, beta-cell 
apoptosis, and decreased insulin secretory capacity in mouse models of 
hemochromatosis. Endocrinology. 2004; 145(11): 5305–5312.  
PubMed Abstract | Publisher Full Text 

7. 	 Fernández-Real JM, López-Bermejo A, Ricart W: Cross-talk between iron 
metabolism and diabetes. Diabetes. 2002; 51(8): 2348–2354.  
PubMed Abstract | Publisher Full Text 

8. 	 Utzschneider KM, Kowdley KV: Hereditary Hemochromatosis and diabetes 
mellitus: implications for clinical practice. Nat Rev Endocrinol. 2010; 6(1): 
26–33.  
PubMed Abstract | Publisher Full Text 

9. 	 Simcox JA, McClain DA: Iron and diabetes risk. Cell Metab. 2013; 17(3): 
329–341.  
Publisher Full Text 

10. 	 Ndevahoma F, Mukesi M, Dludla PV, et al.: Body weight and its influence on 

Page 11 of 15

Wellcome Open Research 2024, 9:666 Last updated: 30 AUG 2025

mailto:modou.jobe@lshtm.ac.uk
https://doi.org/10.17605/OSF.IO/JPV56
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://osf.io/jpv56/
https://www.stata.com/stata17/
https://www.r-project.org/
http://www.ncbi.nlm.nih.gov/pubmed/22523672
http://dx.doi.org/10.1155/2012/476380
http://www.ncbi.nlm.nih.gov/pmc/articles/3317136
http://www.ncbi.nlm.nih.gov/pubmed/31131037
http://dx.doi.org/10.15420/ecr.2018.33.1
http://www.ncbi.nlm.nih.gov/pmc/articles/6523054
http://www.ncbi.nlm.nih.gov/pubmed/26177573
http://dx.doi.org/10.1002/iub.1396
http://www.ncbi.nlm.nih.gov/pubmed/17429063
http://dx.doi.org/10.2337/dc06-2625
http://www.ncbi.nlm.nih.gov/pubmed/14871914
http://dx.doi.org/10.1001/jama.291.6.711
http://www.ncbi.nlm.nih.gov/pubmed/15308612
http://dx.doi.org/10.1210/en.2004-0392
http://www.ncbi.nlm.nih.gov/pubmed/12145144
http://dx.doi.org/10.2337/diabetes.51.8.2348
http://www.ncbi.nlm.nih.gov/pubmed/20010968
http://dx.doi.org/10.1038/nrendo.2009.241
http://dx.doi.org/10.1016/j.cmet.2013.02.007


hepcidin levels in patients with Type 2 Diabetes: a systematic review and 
meta-analysis of clinical studies. Heliyon. 2021; 7(3): e06429.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11. 	 Ndevahoma F, Nkambule BB, Dludla PV, et al.: The effect of underlying 
inflammation on iron metabolism, cardiovascular risk and renal function 
in patients with Type 2 Diabetes. EJHaem. 2021; 2(3): 357–365.  
PubMed Abstract | Publisher Full Text | Free Full Text 

12. 	 Jiang F, Sun ZZ, Tang YT, et al.: Hepcidin expression and iron parameters 
change in Type 2 Diabetic patients. Diabetes Res Clin Pract. 2011; 93(1): 43–48. 
PubMed Abstract | Publisher Full Text 

13. 	 Zhao L, Zhang X, Shen Y, et al.: Obesity and iron deficiency: a quantitative 
meta-analysis. Obes Rev. 2015; 16(12): 1081–1093.  
PubMed Abstract | Publisher Full Text 

14. 	 Vela D, Sopi RB, Mladenov M: Low hepcidin in Type 2 Diabetes mellitus: 
examining the molecular links and their clinical implications. Can J 
Diabetes. 2018; 42(2): 179–187.  
PubMed Abstract | Publisher Full Text 

15. 	 Drakesmith H, Prentice AM: Hepcidin and the iron-infection axis. Science. 
2012; 338(6108): 768–772.  
PubMed Abstract | Publisher Full Text 

16. 	 Sebastiani G, Wilkinson N, Pantopoulos K: Pharmacological targeting of the 
hepcidin/ferroportin axis. Front Pharmacol. 2016; 7: 160.  
PubMed Abstract | Publisher Full Text | Free Full Text 

17. 	 Ganz T, Nemeth E: Iron homeostasis in host defence and inflammation. Nat 
Rev Immunol. 2015; 15(8): 500–510.  
PubMed Abstract | Publisher Full Text | Free Full Text 

18. 	 Camaschella C, Nai A, Silvestri L: Iron metabolism and iron disorders 
revisited in the hepcidin era. Haematologica. 2020; 105(2): 260–272.  
PubMed Abstract | Publisher Full Text | Free Full Text 

19. 	 Drakesmith H, Nemeth E, Ganz T: Ironing out ferroportin. Cell Metab. 2015; 
22(5): 777–787.  
PubMed Abstract | Publisher Full Text | Free Full Text 

20. 	 Wrighting DM, Andrews NC: Interleukin-6 induces hepcidin expression 
through STAT3. Blood. 2006; 108(9): 3204–3209.  
PubMed Abstract | Publisher Full Text | Free Full Text 

21. 	 Cepeda-Lopez AC, Aeberli I, Zimmermann MB: Does obesity increase risk for 
iron deficiency? a review of the literature and the potential mechanisms. 
Int J Vitam Nutr Res. 2013; 80(4–5): 263–270.  
PubMed Abstract | Publisher Full Text 

22. 	 Cepeda-Lopez AC, Melse-Boonstra A, Zimmermann MB, et al.: In overweight 
and obese women, dietary iron absorption is reduced and the 
enhancement of iron absorption by ascorbic acid is one-half that in 
normal-weight women. Am J Clin Nutr. 2015; 102(6): 1389–1397.  
PubMed Abstract | Publisher Full Text 

23. 	 Yanoff LB, Menzie CM, Denkinger B, et al.: Inflammation and iron deficiency 
in the hypoferremia of obesity. Int J Obes (Lond). 2007; 31(9): 1412–1419. 
PubMed Abstract | Publisher Full Text | Free Full Text 

24. 	 Thomas MC, Maclsaac RJ, Tsalamandrist C, et al.: Elevated iron indices in 
patients with diabetes. Diabet Med. 2004; 21(7): 798–802.  
PubMed Abstract | Publisher Full Text 

25. 	 Thomas MC: Anemia in diabetes: marker or mediator of microvascular 
disease? Nat Clin Pract Nephrol. 2007; 3(1): 20–30.  
PubMed Abstract | Publisher Full Text 

26. 	 Thomas MC, MacIsaac RJ, Tsalamandris C, et al.: The burden of anaemia 
in type 2 diabetes and the role of nephropathy: a cross-sectional audit. 
Nephrol Dial Transplant. 2004; 19(7): 1792–1797.  
PubMed Abstract | Publisher Full Text 

27. 	 Donnelly LA, Dennis JM, Coleman RL, et al.: Risk of anemia with metformin 
use in type 2 diabetes: a MASTERMIND study. Diabetes Care. 2020; 43(10): 
2493–2499.  
PubMed Abstract | Publisher Full Text | Free Full Text 

28. 	 Jobe M, Agbla SC, Todorcevic M, et al.: Possible mediators of metabolic 
endotoxemia in women with obesity and women with obesity-diabetes in 
The Gambia. Int J Obes (Lond). 2022; 46(10): 1892–1900.  
PubMed Abstract | Publisher Full Text | Free Full Text 

29. 	 Van Der Vorm LN, Hendriks JCM, Laarakkers CM, et al.: Toward worldwide 
hepcidin assay harmonization: identification of a commutable secondary 
reference material. Clin Chem. 2016; 62(7): 993–1001.  
PubMed Abstract | Publisher Full Text 

30. 	 Elsayed ME, Sharif MU, Stack AG: Transferrin Saturation: a body iron 
biomarker. In: Makowski GS, ed. Adv Clin Chem. Elsevier; 2016; 75: 71–97. 
PubMed Abstract | Publisher Full Text 

31. 	 Skikne BS, Punnonen K, Caldron PH, et al.: Improved differential diagnosis 
of anemia of chronic disease and iron deficiency anemia: a prospective 
multicenter evaluation of soluble transferrin receptor and the sTfR/log 
ferritin index. Am J Hematol. 2011; 86(11): 923–927.  
PubMed Abstract | Publisher Full Text 

32. 	 Adams PC: Hemochromatosis. In: Boyer TD, Manns MP, Sanyal AJ, eds. Zakim 
and Boyer’s Hepatology. 6th ed. W.B. Saunders; 2012; 1127–1144.  
Publisher Full Text 

33. 	 Eder K, Baffy N, Falus A, et al.: The major inflammatory mediator interleukin-
6 and obesity. Inflamm Res. 2009; 58(11): 727–736.  
PubMed Abstract | Publisher Full Text 

34. 	 Choi J, Joseph L, Pilote L: Obesity and C-reactive protein in various 
populations: a systematic review and meta-analysis. Obes Rev. 2013; 14(3): 
232–244.  
PubMed Abstract | Publisher Full Text 

35. 	 Fanou-Fogny N, Saronga NJ, Koreissi Y, et al.: Weight status and iron 
deficiency among urban Malian women of reproductive age. Br J Nutr. 2011; 
105(4): 574–579.  
PubMed Abstract | Publisher Full Text 

36. 	 Christian AK, Steiner-Asiedu M, Bentil HJ, et al.: Co-Occurrence of overweight/
obesity, anemia and micronutrient deficiencies among non-pregnant 
women of reproductive age in Ghana: results from a nationally 
representative survey. Nutrients. 2022; 14(7): 1427.  
PubMed Abstract | Publisher Full Text | Free Full Text 

37. 	 Rhodes EC, Suchdev PS, Venkat Narayan KM, et al.: The Co-Occurrence of 
overweight and micronutrient deficiencies or anemia among women of 
reproductive age in Malawi. J Nutr. 2020; 150(6): 1554–1565.  
PubMed Abstract | Publisher Full Text | Free Full Text 

38. 	 Williams AM, Guo J, Yaw Addo O, et al.: Intraindividual double burden of 
overweight or obesity and micronutrient deficiencies or anemia among 
women of reproductive age in 17 population-based surveys. Am J Clin Nutr. 
2020; 112(Supplement 1): 468S–477S.  
PubMed Abstract | Publisher Full Text | Free Full Text 

39. 	 Jiwani SS, Gatica-Domínguez G, Crochemore-Silva I, et al.: Trends and 
inequalities in the nutritional status of adolescent girls and adult women 
in sub-Saharan Africa since 2000: a cross-sectional series study. BMJ Glob 
Health. 2020; 5(10): e002948.  
PubMed Abstract | Publisher Full Text | Free Full Text 

40. 	 Ellervik C, Mandrup-Poulsen T, Andersen HU, et al.: Elevated transferrin 
saturation and risk of diabetes: three population-based studies. Diabetes 
Care. 2011; 34(10): 2256–2258.  
PubMed Abstract | Publisher Full Text | Free Full Text 

41. 	 Prentice AM, Bah A, Jallow MW, et al.: Respiratory infections drive hepcidin-
mediated blockade of iron absorption leading to iron deficiency anemia in 
African children. Sci Adv. 2019; 5(3): eaav9020.  
PubMed Abstract | Publisher Full Text | Free Full Text 

42. 	 Schulze KJ, Christian P, Ruczinski I, et al.: Hepcidin and iron status among 
pregnant women in Bangladesh. Asia Pac J Clin Nutr. 2008; 17(3): 451–456. 
PubMed Abstract | Free Full Text 

43. 	 Hardy OT, Czech MP, Corvera S: What causes the insulin resistance 
underlying obesity? Curr Opin Endocrinol Diabetes Obes. 2012; 19(2): 81–7. 
PubMed Abstract | Publisher Full Text | Free Full Text 

44. 	 Fernández-Real JM, López-Bermejo A, Ricart W: Iron stores, blood donation, 
and insulin sensitivity and secretion. Clin Chem. 2005; 51(7): 1201–1205. 
PubMed Abstract | Publisher Full Text 

45. 	 Borai A, Livingstone C, Farzal A, et al.: Changes in metabolic indices in 
response to whole blood donation in male subjects with normal glucose 
tolerance. Clin Biochem. 2016; 49(1–2): 51–56.  
PubMed Abstract | Publisher Full Text 

46. 	 Wlazlo N, van Greevenbroek MMJ, Ferreira I, et al.: Iron metabolism is 
prospectively associated with insulin resistance and glucose intolerance 
over a 7-year follow-up period: the CODAM study. Acta Diabetol. 2015; 52(2): 
337–348.  
PubMed Abstract | Publisher Full Text 

47. 	 Fargion S, Dongiovanni P, Guzzo A, et al.: Iron and insulin resistance. Aliment 
Pharmacol Ther. 2005; 22(s2): 61–63.  
Publisher Full Text 

48. 	 Fernández-Real JM, Equitani F, Moreno JM, et al.: Study of circulating 
prohepcidin in association with insulin sensitivity and changing iron 
stores. J Clin Endocrinol Metab. 2009; 94(3): 982–988.  
PubMed Abstract | Publisher Full Text 

49. 	 Sam AH, Busbridge M, Amin A, et al.: Hepcidin levels in diabetes mellitus and 
polycystic ovary syndrome. Diabet Med. 2013; 30(12): 1495–1499.  
PubMed Abstract | Publisher Full Text | Free Full Text 

50. 	 Wang H, Li H, Jiang X, et al.: Hepcidin is directly regulated by insulin and 
plays an important role in iron overload in streptozotocin-induced diabetic 
rats. Diabetes. 2014; 63(5): 1506–1518.  
PubMed Abstract | Publisher Full Text 

51. 	 Kim C, Nan B, Kong S, et al.: Changes in iron measures over menopause and 
associations with insulin resistance. J Womens Health (Larchmt). 2012; 21(8): 
872–877.  
PubMed Abstract | Publisher Full Text | Free Full Text 

52. 	 Siemonsma M: Alterations of hepcidin and iron markers associated with 
obesity and obesity-related diabetes in gambian women. Open Science 
Framework. (n.d.).  
http://www.doi.org/10.17605/OSF.IO/JPV56

Page 12 of 15

Wellcome Open Research 2024, 9:666 Last updated: 30 AUG 2025

http://www.ncbi.nlm.nih.gov/pubmed/33748488
http://dx.doi.org/10.1016/j.heliyon.2021.e06429
http://www.ncbi.nlm.nih.gov/pmc/articles/7966995
http://www.ncbi.nlm.nih.gov/pubmed/35844722
http://dx.doi.org/10.1002/jha2.257
http://www.ncbi.nlm.nih.gov/pmc/articles/9176139
http://www.ncbi.nlm.nih.gov/pubmed/21513996
http://dx.doi.org/10.1016/j.diabres.2011.03.028
http://www.ncbi.nlm.nih.gov/pubmed/26395622
http://dx.doi.org/10.1111/obr.12323
http://www.ncbi.nlm.nih.gov/pubmed/28662967
http://dx.doi.org/10.1016/j.jcjd.2017.04.007
http://www.ncbi.nlm.nih.gov/pubmed/23139325
http://dx.doi.org/10.1126/science.1224577
http://www.ncbi.nlm.nih.gov/pubmed/27445804
http://dx.doi.org/10.3389/fphar.2016.00160
http://www.ncbi.nlm.nih.gov/pmc/articles/4914558
http://www.ncbi.nlm.nih.gov/pubmed/26160612
http://dx.doi.org/10.1038/nri3863
http://www.ncbi.nlm.nih.gov/pmc/articles/4801113
http://www.ncbi.nlm.nih.gov/pubmed/31949017
http://dx.doi.org/10.3324/haematol.2019.232124
http://www.ncbi.nlm.nih.gov/pmc/articles/7012465
http://www.ncbi.nlm.nih.gov/pubmed/26437604
http://dx.doi.org/10.1016/j.cmet.2015.09.006
http://www.ncbi.nlm.nih.gov/pmc/articles/4635047
http://www.ncbi.nlm.nih.gov/pubmed/16835372
http://dx.doi.org/10.1182/blood-2006-06-027631
http://www.ncbi.nlm.nih.gov/pmc/articles/1895528
http://www.ncbi.nlm.nih.gov/pubmed/21462109
http://dx.doi.org/10.1024/0300-9831/a000033
http://www.ncbi.nlm.nih.gov/pubmed/26561622
http://dx.doi.org/10.3945/ajcn.114.099218
http://www.ncbi.nlm.nih.gov/pubmed/17438557
http://dx.doi.org/10.1038/sj.ijo.0803625
http://www.ncbi.nlm.nih.gov/pmc/articles/2266872
http://www.ncbi.nlm.nih.gov/pubmed/15209778
http://dx.doi.org/10.1111/j.1464-5491.2004.01196.x
http://www.ncbi.nlm.nih.gov/pubmed/17183259
http://dx.doi.org/10.1038/ncpneph0378
http://www.ncbi.nlm.nih.gov/pubmed/15102962
http://dx.doi.org/10.1093/ndt/gfh248
http://www.ncbi.nlm.nih.gov/pubmed/32801130
http://dx.doi.org/10.2337/dc20-1104
http://www.ncbi.nlm.nih.gov/pmc/articles/7510037
http://www.ncbi.nlm.nih.gov/pubmed/35933445
http://dx.doi.org/10.1038/s41366-022-01193-1
http://www.ncbi.nlm.nih.gov/pmc/articles/9492538
http://www.ncbi.nlm.nih.gov/pubmed/27173010
http://dx.doi.org/10.1373/clinchem.2016.256768
http://www.ncbi.nlm.nih.gov/pubmed/27346617
http://dx.doi.org/10.1016/bs.acc.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21812017
http://dx.doi.org/10.1002/ajh.22108
http://dx.doi.org/10.1016/B978-1-4377-0881-3.00064-4
http://www.ncbi.nlm.nih.gov/pubmed/19543691
http://dx.doi.org/10.1007/s00011-009-0060-4
http://www.ncbi.nlm.nih.gov/pubmed/23171381
http://dx.doi.org/10.1111/obr.12003
http://www.ncbi.nlm.nih.gov/pubmed/20875192
http://dx.doi.org/10.1017/S0007114510003776
http://www.ncbi.nlm.nih.gov/pubmed/35406039
http://dx.doi.org/10.3390/nu14071427
http://www.ncbi.nlm.nih.gov/pmc/articles/9002982
http://www.ncbi.nlm.nih.gov/pubmed/32271925
http://dx.doi.org/10.1093/jn/nxaa076
http://www.ncbi.nlm.nih.gov/pmc/articles/7269723
http://www.ncbi.nlm.nih.gov/pubmed/32743649
http://dx.doi.org/10.1093/ajcn/nqaa118
http://www.ncbi.nlm.nih.gov/pmc/articles/7396267
http://www.ncbi.nlm.nih.gov/pubmed/33033052
http://dx.doi.org/10.1136/bmjgh-2020-002948
http://www.ncbi.nlm.nih.gov/pmc/articles/7545504
http://www.ncbi.nlm.nih.gov/pubmed/21873562
http://dx.doi.org/10.2337/dc11-0416
http://www.ncbi.nlm.nih.gov/pmc/articles/3177722
http://www.ncbi.nlm.nih.gov/pubmed/30944864
http://dx.doi.org/10.1126/sciadv.aav9020
http://www.ncbi.nlm.nih.gov/pmc/articles/6436921
http://www.ncbi.nlm.nih.gov/pubmed/18818166
http://www.ncbi.nlm.nih.gov/pmc/articles/2789317
http://www.ncbi.nlm.nih.gov/pubmed/22327367
http://dx.doi.org/10.1097/MED.0b013e3283514e13
http://www.ncbi.nlm.nih.gov/pmc/articles/4038351
http://www.ncbi.nlm.nih.gov/pubmed/15976100
http://dx.doi.org/10.1373/clinchem.2004.046847
http://www.ncbi.nlm.nih.gov/pubmed/26320016
http://dx.doi.org/10.1016/j.clinbiochem.2015.08.023
http://www.ncbi.nlm.nih.gov/pubmed/25267079
http://dx.doi.org/10.1007/s00592-014-0646-3
http://dx.doi.org/10.1111/j.1365-2036.2005.02599.x
http://www.ncbi.nlm.nih.gov/pubmed/19116239
http://dx.doi.org/10.1210/jc.2008-1211
http://www.ncbi.nlm.nih.gov/pubmed/23796160
http://dx.doi.org/10.1111/dme.12262
http://www.ncbi.nlm.nih.gov/pmc/articles/4232927
http://www.ncbi.nlm.nih.gov/pubmed/24379355
http://dx.doi.org/10.2337/db13-1195
http://www.ncbi.nlm.nih.gov/pubmed/22731657
http://dx.doi.org/10.1089/jwh.2012.3549
http://www.ncbi.nlm.nih.gov/pmc/articles/3411341
http://www.doi.org/10.17605/OSF.IO/JPV56


Open Peer Review
Current Peer Review Status:   

Version 1

Reviewer Report 30 August 2025

https://doi.org/10.21956/wellcomeopenres.25325.r127371

© 2025 Lambrecht N. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Nathalie J. Lambrecht   
Stanford University, Stanford, USA 

The study examined the associations between hepcidin levels and markers of inflammation and 
iron status in a sample of Gambian women. The cross-sectional study included lean women, 
women with obesity, and women with obesity-associated type 2 diabetes (obesity-T2D). The 
authors found higher levels of inflammatory markers in women with obesity and obesity-T2D, as 
well as higher iron in women with obesity-T2D. There were no differences in hepcidin 
concentrations in the three groups, nor was hepcidin associated with markers of inflammation. 
Hepcidin was associated with iron markers in the expected directions. 
 
The study is comprehensive and appropriately explores the relationships between the three 
groups and biomarkers. The manuscript is well-written and adequately places the study within the 
context of current literature.

It is interesting that you find elevated iron stores in women with obesity-T2D, contrary to 
what would be expected. Your explanation in the discussion makes sense. Could it also be 
that that the degree of obesity in your study sample is insufficient to cause low iron status? 
In the study in a Western context that you cite, women with obesity had an average BMI of 
38, much higher than in your sample. This is something we have previously hypothesized as 
well among a sample of Chinese women (Jones et al., 2021; 
https://doi.org/10.1093/jn/nxab133).

○

In the introduction, I think it would be helpful to expand on the line that reads “Changes in 
iron metabolism are observed in patients with diabetes, as well as in obese patients…”. 
Providing more context on the expected directionality would help readers who are less 
familiar with current literature on iron status in these patient groups.

○

I could not access the supplemental documents. Please ensure these are readily available to 
readers.

○

Minor points:
In the abstract, materials and methods, clarify that you are providing mean BMI for each of 
the groups.

○

In the Figure 1 caption, should this say, “Iron status is measured via…”?○
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There are issues with parentheses in the following lines that should be fixed:
“Body weight (±0.1 kg using digital scales calibrated daily (Tanita BC-418MA, Tanita 
Corporation, Tokyo, Japan).”

○

“Plasma hepcidin concentration was measured using a commercially available ELISA 
kit (DRG Instruments, Marburg, Germany, cat no: (EIA-5782), according to the 
manufacturer’s instructions.”

○

Fig 1 footnote: “GM±SD: geometric mean ± geometric standard deviation (SD”○

○

What does the “$” after water in home in Table 1 signify?○

Rewrite this sentence for clarity: “Figure 3 shows the association between hepcidin with 
levels and the markers of inflammation and iron metabolism.”

○

Provide an abbreviation definition for UIBC in Figure 2 and Figure 3.○

Consider revising the conclusion sentence for clarity and splitting into two sentences: “In 
conclusion, the current study confirmed that obesity and obesity-T2D are associated with 
markers of chronic inflammation, but it did not confirm our hypothesis that hepcidin is 
linked to these markers in three groups of Gambian women, of whom two were suffering 
from chronic inflammation due to obesity and/or T2D.”

○
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Are the conclusions drawn adequately supported by the results?
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The manuscript is well written, and results are presented in the appropriate forms. 
 

○

Discussion is very clear. 
 

○

The failure to find a correlation between hepcidin and inflammatory markers was 
adequately discussed.  
 

○

Minor input is needed on the difference in age between the groups, especially since all 
significances appeared in subjects with both obesity and T2D, which were of an older age. in 
the text, age was mentioned to be a good predictor of hepcidin. 

○
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