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Abstract 

Background Abnormal serum ferritin levels are associated with a variety of diseases. Meanwhile, abnormal serum 
ferritin is influenced by a variety of risk factors, but its correlation with obesity remains poorly described.

Objective This study aimed to investigate the association of body mass index (BMI) and weight waist adjustment 
index (WWI) with serum ferritin in US adults.

Methods Participants in this study took part in the National Health and Nutrition Examination Survey (NHANES) prior 
to the pandemic from 2017 to March 2020. Serum ferritin was used as the sole response variable and BMI and WWI 
were used as independent variables. Multiple linear regression was used to assess the relationship between serum 
ferritin and the independent variables, and smoothed curve fitting and threshold effects analysis were per-
formed to assess the presence of non-linear relationships. To validate the sensitive individuals for the correlation 
between the independent and the dependent variables, a subgroup analysis was performed.

Results A final total of 7552 participants were included in this study. Both independent variables had a positive rela-
tionship with serum ferritin, with effect values of (β = 0.68, 95% CI: 0.17–1.19) when BMI was the independent variable 
and (β = 8.62, 95% CI: 3.53–13.72) when WWI was the independent variable in the fully adjusted model. This positive 
association between the two obesity-related indexes and serum ferritin became more significant as BMI and WWI 
increased (P for trend < 0.001). In subgroup analyses, the positive association between the independent variables 
and serum ferritin was more pronounced in participants who were male, 40–59 years old, white, and had diabetes 
and hypertension. In addition, smoothed curve fitting and threshold effects analysis demonstrated a linear positive 
association of BMI and WWI with serum ferritin.

Conclusions In the US adult population, while there was a linear positive association of WWI and BMI with serum 
ferritin, the effect values between WWI and serum ferritin were more significant. Male, 40–59 years old, white, partici-
pants with diabetes and hypertension should be cautious that higher WWI might entail a risk of higher serum ferritin 
levels.
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Introduction
Ferritin, an iron storage protein, is the major form of iron 
storage and is essential for iron homeostasis. Ferritin 
plays an important role in maintaining cellular function, 
as well as protecting cellular lipids, genetic material and 
proteins from the potentially toxic effects of iron [1]. As 
previously described, ferritin is a major iron storage pro-
tein that is essential for iron homeostasis and is involved 
in a wide range of physiological and pathological pro-
cesses. In clinical practice, ferritin is primarily used as a 
serum marker of systemic iron stores [2]. Elevated ferri-
tin was shown to be strongly associated with a variety of 
diseases. For example, excess ferritin could lead to liver 
damage and eventually to liver failure [3]. Epidemiologi-
cal studies showed a correlation between elevated serum 
ferritin and an increased risk of coronary artery disease 
and myocardial infarction [4]. In parallel, hypothyroid-
ism was closely associated with reduced serum ferritin 
[5]. In addition, as the understanding of serum ferritin 
has grown, researchers have found that changes in serum 
ferritin could be the result of a variety of disease factors, 
such as liver disease, inflammation, tumours and meta-
bolic syndrome [6, 7], but there are still many unknown 
disease factors.

As socioeconomic development occurs, the prevalence 
of obesity has increased significantly due to unhealthy 
dietary patterns becoming more common. In particular, 
the prevalence of obesity has increased dramatically in 
the United States over the past few decades [8]. In one 
study, predictions from available data suggested that by 
2030, nearly 1 in 2 American adults will be suffering from 
obesity [9]. As previously mentioned, the strong associa-
tion between inflammatory status and serum ferritin has 
attracted the interest of researchers. While obesity as a 
low-grade inflammatory state has been demonstrated 
[10, 11], research on the association between obesity and 
serum ferritin remains limited and equivocal. Ali NB 
used serum ferritin to diagnose iron deficiency anemia 
(IDA) in females during the reproductive years and dem-
onstrated a higher prevalence of overweight and obesity 
in participants with IDA [12]. Bettini S demonstrated 
that obese or overweight participants had higher serum 
ferritin levels in patients with neocoronary pneumonia 
in a small sample size clinical study [13]. Without excep-
tion, BMI was used as the basis for defining overweight 
or obesity in all of these studies.

BMI is a traditional indicator for determining obesity, 
but has been questioned in recent years [14–16], mainly 
because it cannot distinguish between lean body mass 
and fat mass [17, 18], and more researchers recommend 
BMI as a crude estimate of obesity [16]. Furthermore, 
some studies have shown that although body mass index 
has an important role in measuring an individual’s health, 

it has significant drawbacks, particularly its inability to 
differentiate the distribution of visceral fat [19]. In recent 
years, as the understanding of obesity and fat distribution 
has increased, the concept of central obesity (or andro-
genic obesity), which reflects visceral fat, has gained 
acceptance. As mentioned earlier, obesity reflects a per-
sistent inflammatory state of the body. More studies have 
shown that central obesity is more closely associated with 
inflammation and metabolic disorders [20–22]. In order 
to better reflect the true picture of obesity, a new obesity 
index was first proposed and named the Weight Adjusted 
Waist Index (WWI), an anthropometric measure of cen-
tral obesity [23]. Because the WWI is weight-adjusted, 
it is weight-independent and accurately reflects body fat 
content even at different BMI [24, 25]. However, studies 
on the correlation between WWI and serum ferritin are 
still unreported.

For this purpose, we explored the association of WWI 
and BMI with serum ferritin with data from the National 
Health and Nutrition Examination Survey (NHANES).

Methods
Data source
The National Health and Nutrition Examination Survey 
(NHANES) is a public service project to assess the health 
and nutritional status of the population by regularly col-
lecting information on demographics, diet, physical 
examination, lifestyle, medical conditions and laboratory 
tests of the national population [26]. NHANES relies on 
a multi-stage, complex sampling design to ensure a pop-
ulation-wide representation of participants in the survey. 
The data in NHANES are kept updated every 2  years, 
but the program suspended field operations in March 
2020 due to the coronavirus disease 2019 (COVID-19) 
pandemic. Therefore, data collected from 2019 to March 
2020 were combined with NHANES 2017–2018 data to 
form a nationally representative sample of NHANES pre-
epidemic data from 2017 to March 2020. Because these 
data are publicly available, the ethical review of this study 
was exempt.

Participants
The NHANES March 2017–2020 dataset included com-
plete information on BMI, WWI and serum ferritin, and 
information on covariates that needed to be adjusted for 
in this time period was also complete. A total of 15,560 
participants took part in the NHANES 2017-March 2020 
survey, and we first excluded participants aged less than 
20 years (n = 6328). We then excluded participants with 
missing information on serum ferritin (n = 1254). We 
calculated WWI using information on weight and waist 
circumference and excluded participants who did not 
have clear information on WWI (n = 388). In addition, 
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participants with no BMI information were also excluded 
(n = 13). When covariate information was processed, 
information on a covariate was missing but the sample 
size was small, and such participants were also excluded. 
Missing information included education level (n = 9), 
hypertension information (n = 10), diabetes information 
(n = 3) and white blood cell count (n = 3). Ultimately, a 
total of 7552 participants were included in this study 
(Fig. 1).

Independent and dependent variables
BMI and WWI were defined as independent variables. 
The information on the independent variables was 
derived from the measurements taken during the physi-
cal examination. The operation of the physical examina-
tion and data collection were performed by trained health 
technicians. The anthropometric examination rooms in 
each Mobile Examination Centres (MECs) were identi-
cal in terms of layout and equipment. All data collected 
were reviewed and values determined to be unrealistic 
were removed from the files, all raw data were unaltered 
at the time of collection and did not contain estimates. 
BMI was provided directly by NHANES officials and was 
calculated as weight in kilograms divided by the square of 

height in metres. The NHANES project did not directly 
provide raw data on WWI, the value of which was calcu-
lated by dividing waist circumference in centimetres by 
the square root of body weight in kilograms [26].

Serum ferritin was defined as the dependent variable. 
Blood samples from all participants were collected at 
MECs, processed and stored, and shipped to the Depart-
ment of Laboratory Sciences, National Center for Envi-
ronmental Health, Centers for Disease Control and 
Prevention, Atlanta, Georgia, for analysis. Serum ferritin 
was measured using the sandwich principle on a Roche 
Cobas® e601. NHANES staff reviewed the data prior to 
release and incomplete data or unlikely values were sent 
to the performing laboratory for confirmation.

Covariates
Based on previous studies [27–30], we included a number 
of confounding factors in the model that could potentially 
influence the correlation between the independent and 
response variables for adjustment. Overall, these covari-
ates were derived from demographic information, dietary 
information, self-reported questionnaire information 
and laboratory test information. Demographic informa-
tion specifically included age (years), gender, race (white, 
black and other races), education level (less than high 
school, high school, more than high school), and ratio of 
family income to poverty (PIR). Self-reported question-
naire information included hypertension, diabetes and 
smoking status (now, ever and never), physical activity 
intensity (vigorous, moderate and never), sedentary time 
(min) and history of receiving blood transfusions. Die-
tary information was obtained from a self-reported 24-h 
dietary questionnaire in which participants self-reported 
their intake of specific nutrients for the first and second 
24  h, and the sum of the two responses for each nutri-
ent was averaged and included in the final study. Spe-
cific nutrients included energy (kcal), protein (gm), sugar 
(gm), fat (gm), iron (mg) and alcohol (gm). Laboratory 
test information includes white blood cell count (WBC), 
haemoglobin (Hb), fasting blood glucose (FPG), serum 
iron, total cholesterol (TC), triglycerides (TG), high-
density lipoprotein (HDL), low-density lipoprotein (LDL) 
and high-sensitivity C-reactive protein (hs-CRP).

Statistical analysis
All data processing and statistical analyses were com-
pleted with R (http:// www.R- proje ct. org) and Empow-
erStats (http:// www. empow ersta ts. com). According to 
the NHANES analysis guidelines, the sampling weights 
provided in the NHANES study should be used dur-
ing the data analysis to make the sample population 
representative, and for this reason we used 2-year sam-
pling weights in this study. As both the independent and Fig. 1 Flow chart for participants

http://www.R-project.org
http://www.empowerstats.com
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response variables were continuous variables, we first 
grouped all participants according to the median serum 
ferritin (109 ng/ml) as Group 1 (< 109 ng/ml) and Group 
2 (≥ 109  ng/ml). Means ± standard deviations were used 
to describe continuous variables and rates or percent-
ages were used to describe categorical variables. Covari-
ates with missing values were treated appropriately. In 
the case of a covariate being a continuous variable, the 
mean can be used to fill in when there were small miss-
ing values (less than 10% of the total sample), otherwise 
the grouping based on the median will be converted to 
a categorical variable and the missing values will be set 
as a separate group. When there were missing values for 
covariates of categorical variables, we included the miss-
ing values as a separate group in the analysis. In order 
to assess the correlation between the independent and 
response variables, we needed to employ a multiple linear 
regression analysis and adjust for covariates in the model. 
For this purpose, we screened the covariates [31, 32]. 
First, covariates with excessive co-linearity (VIF > 5) were 
removed by stepwise screening based on the variance 
inflation factor (VIF) (Additional file  3: Table  S1). Sub-
sequently, the final covariates included (Additional file 3: 
Table S5) were identified based on the effect of introduc-
ing covariates in the basic model or excluding them from 
the full model on the regression coefficient of serum fer-
ritin > 10% (Additional file 3: Table S2) and on the p-value 
of the regression coefficient of covariates on the depend-
ent variable < 0.1 (Additional file 3: Table S3 and S4). In 
order to observe more detailed effects between the inde-
pendent and respondent variables, different models were 
generated depending on the adjusted covariates, includ-
ing Model 1 (no covariates were adjusted), Model 2 (age, 
gender, and race were adjusted) and Model 3 (all covari-
ates in Additional file 3: Table S5 were adjusted). To verify 
the stability of the correlation between the independent 
and the respondent variables, quartiles of the independ-
ent variables were presented and tested for trend (P for 
trend). Subsequently, a subgroup analysis was carried 
out in order to find sensitive groups in the correlation 
between the independent variables and the response 
variable. Finally, in order to verify whether there was a 
non-linear relationship between the independent and 
dependent variables, we performed a smoothed curve fit 
and a threshold effect analysis for this purpose.

Results
Characteristics of participants
A total of 7552 participants were included in this study. 
When grouped by median serum ferritin (109  ng/ml), 
participants with higher serum ferritin also had higher 
WWI (11.07 ± 0.80) and BMI (30.25 ± 6.63) (p < 0.001). 
In addition, participants with higher serum ferritin were 

more likely to be male (69.39%) and older (50.67 ± 16.47). 
The characteristics of the participants were shown in 
Table 1.

Association of WWI and BMI with serum ferritin
In the fully adjusted model, there was a positive relation-
ship between BMI and serum ferritin (β = 0.68, 95% CI: 
0.17–1.19). However, when WWI was used as the inde-
pendent variable, the positive association between it and 
serum ferritin was more significant (β = 8.62, 95% CI: 
3.53–13.72). Furthermore, when BMI and WWI were 
presented in quartiles, we found that as BMI and WWI 
increased, their positive association with serum ferritin 
was more significant (P for trend < 0.01). At the fourth 
quartile, the effects of WWI and BMI with serum ferritin 
were (β = 18.15, 95% CI: 6.58–29.73) and (β = 13.72, 95% 
CI: 3.23–24.20), respectively. All results were shown in 
Table 2.

Results of subgroup analysis
A subgroup analysis was performed to verify the stabil-
ity of the positive association of WWI and BMI with 
serum ferritin in different cohorts. Regardless of whether 
the independent variable was WWI or BMI, their posi-
tive association with serum ferritin was more signifi-
cant in participants with the following characteristics, 
including male [WWI: (β = 9.98, 95% CI: 0.06–19.89) 
vs BMI: (β = 1.58, 95% CI: 0.53–19.89)], 40–59  years 
[WWI: (β = 15.54, 95% CI: 5.66–25.43) vs BMI: (β = 0.70, 
95% CI: – 0.27–1.67)], white [WWI: (β = 13.29, 95% CI: 
4.99–21.58) vs BMI: (β = 0.89, 95% CI: 0.07–1.71)], dia-
betes [WWI: ( (β = 13.78, 95% CI: 2.78–24.78) vs BMI: 
(β = 0.71, 95% CI: 0.16–1.26)] and hypertension [WWI: 
(β = 16.71, 95% CI: 0.49–32.93) vs BMI: (β = 0.99, 95% 
CI: – 1.60–3.58)]. The results of subgroup analyses were 
demonstrated in Tables 3 and 4.

Validation of the linear relationship of WWI and BMI 
with serum ferritin
To evaluate whether there was a non-linear relationship 
between the independent variables and serum ferritin, a 
smoothed curve fit and a threshold effect analysis were 
performed. According to Fig.  2, there was a curve rela-
tionship between WWI and serum ferritin, followed by 
a threshold effect analysis this curve relationship was not 
statistically different (LLR = 0.07). When BMI was used 
as the independent variable, a linear relationship between 
BMI and serum ferritin could be seen in Fig. 3, and this 
linear relationship was subsequently verified by a thresh-
old effect analysis (LLR = 0.19). The results of the thresh-
old effect analysis were displayed in Table 5.
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Table 1 Baselines characteristics of participants

Characteristic Group 1 Group 2 P-value

Sample size 3768 3784

Questionnaire information

Gender (%)  < 0.001

 Male 28.37 69.39

 Female 71.63 30.61

Age (yrs) 45.92 ± 17.23 50.67 ± 16.47  < 0.001

Race (%) 0.98

 White 63.53 63.36

 Black 10.79 10.84

 Other race 25.67 25.80

Educational level (%) 0.01

 Less than high school 9.67 11.06

 High school 26.19 27.96

 More than high school 64.14 60.99

PIR (%) <0.001

 <2.28 33.51 29.03

 ≥2.28 55.53 60.65

 Unclear 10.96 10.32

Hypertension (%) 0.002

 Yes 28.44 36.63

 No 71.56 63.37

Diabetes (%)  < 0.001

 Yes 9.98 12.70

 No 87.99 84.14

 Borderline 2.04 3.16

Physical activity (%) 0.02

 Vigorous 46.01 49.95

 Moderate 30.37 28.75

 Never 23.62 21.30

Sedentary time (min) 401.10 ± 724.98 386.98 ± 586.58 0.35

Smoking (%)  < 0.001

 Now 17.22 16.41

 Ever 22.55 29.59

 Never 60.22 54.00

Received blood transfusion (%) 0.17

 Yes 10.10 8.98

 No 88.40 89.24

 Unclear 1.50 1.78

Dietary Information

Energy (kcal) (%)  < 0.001

 < 1915 43.53 35.13

 ≥ 1915 38.99 47.54

 Unclear 17.48 17.33

Protein (gm) (%)  < 0.001

 < 72.58 45.38 32.77

 ≥ 72.58 37.14 49.90

 Unclear 17.48 17.33

Sugar (gm) (%) 0.89

 < 88.29 41.91 41.51
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Additional results
During the validation of the linear relationship of WWI 
and BMI with serum ferritin, we observed outliers in 
the independent variables through Figs. 2 and 3. There-
fore, we examined the data distributions of BMI and 
WWI (Additional file  3: Tables S6 and S7). Based on 
the data distribution of the independent variables, we 
removed significant outliers and verified the correla-
tion between the independent variables and serum fer-
ritin. After removing the outliers, the newly obtained 
results remained in absolute agreement with the results 
we presented above (Additional file 3: Tables S8 and S9, 
Additional file 1: Fig. S1 and Additional file 2: Fig. S2).

Discussion
Research on the correlation between obesity and serum 
ferritin remained limited, and in particular the relation-
ship between WWI (central obesity) and serum fer-
ritin remains unknown. Overall, both serum ferritin 
deficiency and iron overload are detrimental to the body, 
and confirming the correlation between obesity and 
serum ferritin is essential to maintain iron metabolism 
homeostasis. In our study, we first demonstrated a posi-
tive linear correlation between obesity and serum fer-
ritin. Furthermore, we demonstrated that the WWI as a 
new obesity-related index could better explain this posi-
tive association.

Mean ± SD for continuous variables: P-value was calculated by weighted linear regression model

% for Categorical variables: P-value as calculated by weighted chi-square test

Group 1: Serum ferritin < 109 ng/ml; Group 2: Serum ferritin ≥ 109 ng/ml

Table 1 (continued)

Characteristic Group 1 Group 2 P-value

 ≥ 88.29 40.61 41.16

 Unclear 17.48 17.33

Fat (gm) (%)  < 0.001

 < 76.97 43.73 34.14

 ≥ 76.97 38.79 48.53

 Unclear 17.48 17.33

Iron (mg) (%)  < 0.001

  < 12.05 40.83 36.30

 ≥ 12.05 41.70 46.37

 Unclear 17.48 17.33

Alcohol (gm) (%)  < 0.001

 < 0 58.51 53.06

 ≥ 0 24.02 29.61

 Unclear 17.48 17.33

Laboratory examination information

WBC (1000 cells/UL) 7.27 ± 2.22 7.37 ± 5.56 0.27

Hb (g/dl) 13.70 ± 1.41 14.75 ± 1.30  < 0.001

FPG (mg/dl) 96.24 ± 26.37 102.42 ± 35.20  < 0.001

Serum iron (ug/dl) 14.74 ± 6.45 17.09 ± 5.88  < 0.001

TC (mg/dl) 184.99 ± 39.16 191.15 ± 41.74  < 0.001

TG (mg/dl) 125.58 ± 89.58 155.02 ± 110.54  < 0.001

HDL (mg/dl) 56.45 ± 16.03 50.88 ± 15.02  < 0.001

LDL (mg/dl) (%)  < 0.001

 < 106 25.73 19.76

 ≥ 106 23.80 27.62

 Unclear 50.47 52.61

Hs-CRP (mg/L) 3.43 ± 5.57 4.14 ± 9.14  < 0.001

Physical examination information

 BMI (kg/m2) 29.40 ± 7.63 30.25 ± 6.63  < 0.001

 WWI 11.02 ± 0.86 11.07 ± 0.80 0.008
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Obesity is characterised by low levels of persistent 
activated multisystem chronic inflammation, a state 
often characterised by changes in inflammatory cells 
(e.g. neutrophils, monocytes, lymphocytes and tissue-
specific macrophages) and the resulting tissue dam-
age, ultimately leading to elevated levels of circulating 

plasma inflammatory markers and inflammatory cells 
[33]. Although the mechanism of obesity and anae-
mia was mainly known as a result of impaired eryth-
ropoietin production and altered erythroid precursor 
responses due to the abnormal production of cytokines 
in obesity [34], we believe that there is an potential role 

Table 2 The association of WWI and BMI (kg/m2) with serum ferritin (ng/ml)

Model 1 = no covariates were adjusted. Model 2 = Model 1 + age, gender, race were adjusted. Model 3 = All covariates in Additional file 3: Table S5 were adjusted

Exposures Model 1
β, (95% CI)

Model 2
β, (95% CI)

Model 3
β, (95% CI)

WWI 6.67 (2.30, 11.04) 10.34 (5.56, 15.13) 8.62 (3.53, 13.72)

Quartiles of WWI

 Q1 (8.44–10.55) Reference Reference Reference

 Q2 (10.56–11.13) 23.94 (14.13, 33.75) 15.09 (5.71, 24.47) 6.55 (− 2.82, 15.93)

 Q3 (11.14–11.70) 19.99 (9.73, 30.24) 12.11 (1.91, 22.30) 7.01 (− 3.42, 17.45)

 Q4 (11.71–14.14) 13.91 (3.50, 24.32) 19.89 (8.85, 30.92) 18.15 (6.58, 29.73)

P for trend  < 0.01  < 0.01  < 0.01

BMI (kg/m2) 0.67 (0.16, 1.18) 0.82 (0.35, 1.30) 0.68 (0.17, 1.19)

Quartiles of BMI (kg/m2)

 Q1 (14.20–24.80) Reference Reference Reference

 Q2 (24.81–18.70) 27.45 (17.22, 37.68) 7.28 (− 2.35, 16.90) − 0.81 (− 10.40, 8.77)

 Q3 (28.71–33.60) 39.90 (29.60, 50.20) 17.89 (8.18, 27.60) 0.0003 9.10 (− 0.89, 19.10)

 Q4 (33.61–82.0) 24.21 (13.90, 34.52) 18.99 (9.36, 28.63) 0.0001 13.72 (3.23, 24.20)

P for trend  < 0.01  < 0.01  < 0.01

Table 3 Subgroup regression analysis between WWI with ferritin (ng/ml)

Model 1 = no covariates were adjusted. Model 2 = Model 1 + age, gender, race were adjusted. Model 3 = All covariates in Additional file 3: Table S5 were adjusted

*In the subgroup analysis stratified by each covariate, the model is not adjusted for the stratification variable itself

Characteristic Model 1 OR(95%CI) Model 2 OR(95%CI) Model 3 OR(95%CI) P for 
interaction*

Stratified by gender 0.41

 Male 16.82 (9.04, 24.60) 13.05 (3.72, 22.37) 9.98 (0.06, 19.89)

 Female 25.08 (20.94, 29.21) 8.84 (4.32, 13.36) 6.11 (1.25, 10.97)

Stratified by age (years) 0.82

 20–39 − 6.14 (− 12.63, 0.35) 13.27 (7.46, 19.08) 2.39 (− 3.94, 8.71)

 40–59 − 3.99 (− 13.59, 5.60) 16.12 (6.94, 25.30) 15.54 (5.66, 25.43)

 60–80 − 3.07 (− 12.28, 6.15) 9.30 (0.01, 18.59) 10.69 (0.68, 20.70)

Stratified by race 0.07

 White 9.76 (2.79, 16.73) 14.34 (6.65, 22.02) 13.29 (4.99, 21.58)

 Black 9.68 (1.49, 17.86) 11.84 (2.91, 20.78) 4.50 (− 5.10, 14.10)

 Other race − 2.04 (− 10.18, 6.09) − 0.82 (− 9.44, 7.80) − 0.34 (− 9.36, 8.67)

Stratified by hypertension 0.16

 Yes − 8.10 (− 17.69, 1.49) 6.37 (− 4.16, 16.91) 13.78 (2.78, 24.78)

 No 3.91 (− 1.04, 8.87) 9.44 (4.41, 14.47) 4.97 (− 0.29, 10.23)

Stratified by diabetes 0.40

 Yes − 7.93 (− 22.62, 6.75) 15.90 (− 0.34, 32.15) 16.71 (0.49, 32.93)

 No 5.49 (0.67, 10.31) 9.19 (4.05, 14.33) 6.65 (1.16, 12.14)

 Borderline 7.01 (− 23.56, 37.57) 30.67 (− 1.54, 62.88) − 10.08 (− 44.15, 23.99)
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in this due to abnormal serum ferritin metabolism in the 
inflammatory state. Serum ferritin is widely recognised 
as a potent marker of inflammation, both chronic and 
acute, and has been demonstrated in conditions includ-
ing chronic kidney disease [6], rheumatoid arthritis and 

other autoimmune diseases [35], acute infections [36] 
and malignancies [37]. Previous studies have confirmed 
that markers of abdominal obesity (central obesity) (e.g. 
waist circumference) were more strongly associated with 
markers of inflammation than body mass index or total 

Table 4 Subgroup regression analysis between BMI (kg/m2) with ferritin (ng/ml)

Model 1 = no covariates were adjusted. Model 2 = Model 1 + age, gender, race were adjusted. Model 3 = All covariates in Additional file 3: Table S5 were adjusted

*In the subgroup analysis stratified by each covariate, the model is not adjusted for the stratification variable itself

Characteristic Model 1 OR(95%CI) Model 2 OR(95%CI) Model 3 OR(95%CI) P for 
interaction*

Stratified by gender 0.22

 Male 1.87 (0.90, 2.84) 1.86 (0.89, 2.83) 1.58 (0.53, 2.62)

 Female 0.42 (− 0.03, 0.87) 0.19 (− 0.25, 0.62) − 0.13 (− 0.61, 0.36)

Stratified by age (years) 0.13

 20–39 1.42 (0.76, 2.09) 1.67 (1.10, 2.24) 0.58 (− 0.05, 1.20)

 40–59 0.30 (− 0.66, 1.25) 0.39 (− 0.50, 1.29) 0.70 (-0.27, 1.67)

 60–80 − 0.93 (− 2.00, 0.13) − 0.59 (− 1.64, 0.46) − 0.68 (− 1.83, 0.48)

Stratified by race 0.40

 White 0.81 (0.02, 1.61) 0.89 (0.14, 1.63) 0.89 (0.07, 1.71)

 Black 0.02 (− 0.93, 0.96) 1.04 (0.16, 1.93) 0.50 (− 0.44, 1.45)

 Other race 0.71 (− 0.28, 1.70) 0.36 (− 0.55, 1.27) 0.03 (− 0.95, 1.01)

Stratified by hypertension 0.26

 Yes 1.08 (0.49, 1.67) 1.25 (0.72, 1.77) 0.71 (0.16, 1.26)

 No − 1.38 (− 2.35, − 0.41) − 0.70 (− 1.67, 0.26) 0.10 (− 0.94, 1.14)

Stratified by diabetes 0.99

 Yes 1.83 (− 0.56, 4.23) 2.59 (0.18, 4.99) 0.99 (− 1.60, 3.58)

 No 0.54 (− 0.02, 1.11) 0.70 (0.18, 1.22) 0.46 (− 0.11, 1.03)

 Borderline − 0.41 (− 1.91, 1.09) 0.72 (-0.80, 2.24) 0.37 (− 1.18, 1.92)

Fig. 2 The association between WWI and serum ferritin (ng/ml). a Each black point represents a sample. b Solid rad line represents the smooth 
curve fit between variables. Blue bands represent the 95% of confidence interval from the fit. *All covariates in Additional file 3: Table S5 were 
adjusted
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body fat [38, 39]. In short, we believe that because the 
metabolism of serum ferritin is disturbed by the persis-
tent inflammatory state of the body underlying obesity, 
WWI as a valid tool for central obesity could more accu-
rately reflect obesity and thus correlate more closely with 
serum ferritin.

In addition, we confirmed a positive association 
between obesity and serum ferritin for sensitive popula-
tions. These characteristics were consistent when both 
BMI and WWI were used as independent variables, but 
their positive association with serum ferritin was more 
pronounced for WWI as the independent variable. The 
first population characteristic which was validated was 
male. Previous studies have confirmed that men of the 
same age have higher values of haemoglobin and ferritin, 
as well as reference ranges, compared to women of repro-
ductive age [40, 41]. Previous studies have reported that 
obesity was more common in females worldwide when 

BMI was used as a criterion for determining obesity [42, 
43]. However, females are mainly peripherally obese, as 
they are characterised by fat deposits in the hips, thighs 
and limbs as well as in the subcutaneous tissues and have 
a pear-shaped body, in contrast to males, who are mainly 
obese due to an increase in visceral fat (central obesity) 
[15]. In fact, visceral fat is more active than subcutane-
ous fat, and there is a closer association between it and 
metabolic inflammation [44]. In a validated study, Iwa-
saki T measured the visceral fat area, subcutaneous fat 
area and liver fat content of participants by imaging and 
demonstrated a more significant correlation between 
serum ferritin levels and visceral fat area [45]. In both 
sexes, androgens play an important role in determining 
sex-dependent patterns of body fat distribution [46]. In 
the present study, the second significant population char-
acteristic for the positive association between obesity and 
serum ferritin was age, and based on the results we found 
more significant effect values for participants of higher 
age. Previous studies suggested that age was positively 
associated with serum ferritin levels [41, 47], and that 
this change was particularly pronounced in people aged 
20–50 years [48], while serum ferritin would remain rela-
tively constant as the body ages [49]. In previous studies 
conducted by NHANES, we found a higher proportion of 
white participants in the group with higher serum ferritin 
[50, 51], which was consistent with our findings. How-
ever, in the US population, Black people have a higher 
prevalence of obesity [52]. These studies would suggest 
that white people in the US may be more susceptible to 
higher serum ferritin due to obesity.

Fig. 3 The association between BMI (kg/m2) and serum ferritin (ng/ml). a Each black point represents a sample. b Solid rad line represents 
the smooth curve fit between variables. Blue bands represent the 95% of confidence interval from the fit. *All covariates in Additional file 3: Table S5 
were adjusted

Table 5 Threshold effect analysis for association of WWI and BMI 
(kg/m2) with serum ferritin (ng/ml)

All covariates in Additional file 3: Table S5 were adjusted

Exposures WWI BMI (kg/m2)

Linear effect model

 β, (95%CI) 8.62 (3.53, 13.72) 0.68 (0.17, 1.19)

Non-linear model

inflection point (K) 9.8 43.4

 β, (95%CI) (< K) 40.03 (5.70, 74.36) 0.90 (0.29, 1.51)

 β, (95%CI) (≥ K) 6.89 (1.46, 12.32) − 0.62 (− 2.62, 1.39)

LLR 0.07 0.19
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As far as we know, this was a study that examined the 
correlation between WWI and serum ferritin, and we 
even included the classical index (BMI) for determin-
ing obesity as a reference on this basis. However, there 
were some limitations to our study. Firstly, cross-sec-
tional studies cannot explain causality, even though 
the WWI is a more accurate indicator of obesity than 
BMI. Secondly, there was still no clear cut-off value 
for the WWI to determine obesity, which limited fur-
ther exploration of the current data. Thirdly, there are 
many potential influences on serum ferritin and obe-
sity, and even though we included as many covariates 
as possible in the study to adjust for them in the model, 
there was no guarantee that there were potential con-
founding factors that could bias the results. Therefore, 
more prospective studies are necessary. In addition, the 
covariates included in this study included participant 
self-reported variables, so recall bias was inevitable.

Conclusions
There was a linear positive correlation between obe-
sity-related indexes (BMI and WWI) and serum ferri-
tin, and WWI allowed for a more accurate assessment 
of this positive correlation than BMI. Whether obesity 
was assessed by WWI or BMI, the positive association 
between obesity and serum ferritin should be taken 
with caution in male, 40–59  year old, white, diabetes 
and hypertension participants.
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