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SUMMARY

This study examined the ethnic difference in the association between increased serum ferritin (SF)

(>300 mg/l) and acute inflammation (AI) (C-reactive protein o1.0 mg/dl) between black and

white males aged o20 years. Using data from the third National Health and Nutrition

Examination Survey (NHANES III), we determined the risk for having elevated SF in black

males (n=164) and white males (n=325) with AI present as well as black males (n=1731) and

white males (n=2877) with AI absent. Black subjects with AI present were 1.71 times (95% CI

1.18–2.49), and 1.87 times (95% CI 1.46–2.40) more likely to have increased SF than AI

absent blacks and AI present whites, respectively. Furthermore, with AI present, every increment

of C-reactive protein, white blood cell count, serum albumin, lymphocyte count and platelet

count was associated with higher odds of having elevations in SF in blacks than whites.

Regardless of AI status, blacks were more likely to have elevations in SF than whites, and the

prevalence of elevated SF was significantly higher in blacks than whites. This finding suggested

that black males may respond to inflammation with a more aggressive rise in SF compared to

white males. Future research is needed to investigate the underlying mechanisms.

INTRODUCTION

Ferritin is a ubiquitous and highly conserved iron-

binding protein. In humans, iron in excess of need is

stored primarily as ferritin, principally in the macro-

phage system of liver, spleen and bone marrow.

Increasingly, perturbations in cellular iron and ferri-

tin are emerging as an important element in the

pathophysiology of disease. The changes in ferritin

are important not only in the classic diseases of iron

acquisition, transport, and storage, such as primary

haemochromatosis, but also in diseases characterized

by inflammation, infection, injury, and repair [1].

Among these are some of the most common diseases

that affect human beings : Parkinson’s andAlzheimer’s

disease, cardiac and neuronal ischaemia-reperfusion

injury, atherosclerosis, pulmonary inflammatory

states, rheumatoid arthritis, various pre-malignant

conditions, and cancers [2–8].

Not only as a member of a group of iron regulatory

proteins that maintain cellular and organismal iron

homeostasis, ferritin is also a member of the protein

family that orchestrates the cellular defence against

stress and inflammation. Described as a ‘two-faced’

protein, ferritin behaves as a positive acute phase

reactant, whose serum levels rise rapidly in response

to trauma, burn or inflammation [9]. The crucial

role that ferritin plays in the cellular and organismal

response to inflammation is intimately linked to

its primary function in ‘ iron sequestration’, which

occurs in animals by sequestrating iron in a non-toxic

form that minimizes its ability to catalyse the for-

mation of reactive oxygen species (ROS). Therefore,

iron status largely affects the generation of oxygen as

well as ferryl and nitrogen radicals. In addition, the
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toxicity of iron at the cellular level is attributable

in large part to its capacity to participate in the

generation of such reactive species, which can directly

damage DNA, lipids, and proteins, leading to pro-

found cellular toxicity. Ferritin, by ‘capturing’ and

‘buffering’ the intracellular labile iron pool [10,

11], thereby plays a key role in maintaining iron

homeostasis and reducing the damage from patho-

genic invasion.

Health disparities in different ethnic populations,

especially between blacks and whites, has become

a topic of intense research for the past few decades,

yet they are still poorly understood. Of particular

interest is the aetiology of ethnic differences in disease

susceptibility and response [12]. Inflammation, the

underlying pathophysiology of several disorders,

is therefore suspected to be one of the factors that

may contribute to the ethnic differences in disease

progression and outcome. Immune system hyper-

responsiveness and inflammation have been associ-

ated with a number of disorders that more commonly

plague African Americans. Examples include preterm

birth [13, 14], atherosclerosis [15–17], autoimmune

diseases [18], and transplant rejection [19]. As a key

molecule in cellular defence against stress and in-

flammation, ferritin limits the extent, character, and

location of the pro-oxidant stress that typifies in-

flammatory diseases, cancer and conditions of altered

oxygenation [4, 7, 20]. Therefore, an understanding of

how ferritin responds to inflammation may lead to

insights into the aetiology of the difference in host

inflammatory response and clinical outcomes.

In this study, we used data from the third Nat-

ional Health and Nutrition Examination Survey

(NHANES III) to examine the ethnic difference in the

relationship between acute inflammation (AI) and

serum ferritin (SF). Our study thus had three pur-

poses: (1) to examine whether the likelihood of having

increased SF differs between subjects with and with-

out AI; (2) to determine whether blacks are more

likely to have elevated SF in regard to AI than whites,

and (3) to investigate whether there are any differ-

ences in the magnitude of having elevated SF between

blacks and whites with AI present.

METHODS

Data source

NHANES III was a national representative survey

conducted by the National Center for Health

Statistics between 1988 and 1994, to assess the health

and nutritional status of the US population. The data

were collected via standardized questionnaires,

physical examinations and laboratory investigations.

NHANES III included a sample of 33 994 persons

agedo2 months from 89 randomly selected locations

throughout the United States. Multistage, stratified

sampling design was applied to select the participants

constituting a representative sample of the civilian,

non-institutionalized national population. Additional

details regarding the study design and sample selec-

tion were reported previously [21].

Study sample

A total number of 5007 NHANES III male subjects,

aged o20 years, with measured SF and C-reactive

protein (CRP) was included in this study. Among

them, 3112 were non-Hispanic white (NHW) and

1895 were non-Hispanic black (NHB). Due to the

impact each has on ferritin, subjects who were hae-

mophiliacs or who had recently undergone chemo-

therapy were excluded from the analysis. Subjects

who had been treated for anaemia (including diet,

iron pills, iron injections, transfusions as treatment)

within the past 3 months or who had blood

donation within 1 month prior to the survey were

also excluded from the analysis. We only chose

male subjects to eliminate the additional, potentially

confounding effects associated with female subjects,

such as menstruation, oral contraceptive use, preg-

nancy, parity, menopause and hormone replacement

therapy.

Variables

Elevated SF was defined as a ferritin concentration

>300 mg/l in men [22]. Presence of AI was defined as a

CRPo1.0 mg/dl [23]. Disease status including cancer

(various types), congestive heart failure, diabetes

mellitus, heart attack, hypertension, and stroke was

determined by the responses to questions of whether a

doctor has ever told the respondent that he had such

conditions. Undiagnosed diabetes was identified by a

fasting plasma glucose concentration >126 mg/dl

[24]. Hypertension was defined as a systolic blood

pressureo140 mmHg or/and diastolic blood pressure

o90 mmHg [25], or if a doctor has told the partici-

pant that he had hypertension.

Several inflammation markers including plasma

fibrinogen, serum albumin, white blood cell count
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(WBC), lymphocyte number, monocyte number and

platelet count were examined. Other laboratory

variables including haemoglobin (Hb), serum iron,

transferrin saturation (TS), total iron binding

capacity (TIBC), total triglycerides (TG), total chol-

esterol, high density lipoprotein (HDL) and low den-

sity lipoprotein (LDL) cholesterol were also included

in our study. Detailed description of laboratory

measurements of these variables has been published

elsewhere [26].

Ethnicity, age, education, poverty income ratio

(PIR), body mass index (BMI, kg/m2), and cigarette

smoking may be associated with both AI and the

levels of SF. These variables were, therefore, included

in the logistic regression models as potential con-

founders. Age was modelled as a continuous variable,

and was further divided into seven groups: 20–29,

30–39, 40–49, 50–59, 60–69, 70–79, and o80 years,

in order to present the age-stratified distribution of

elevated SF between black and white subjects with AI

present. Education was measured as the highest year

or grade completed by the respondent, and was fur-

ther dichotomized as higher than or less than high-

school education. PIR was measured based on total

household income adjusted for household size, and

was used as an index of relative socioeconomic

status in the NHANES III survey. Three PIR strata:

<1.3, 1.3–3.5, and >3.5 were used to represent

low, moderate and high income levels, respectively

according to the analytical and reporting guidelines

of NHANES III [27]. BMI was further divided into

four categories : underweight (BMI<18.5), normal

(BMI o18.5 to <25), overweight (BMI o25 to

<30), and obese (BMIo30) [28]. Cigarette smoking

was classified as never smoked (if they had smoked

<100 cigarettes in their lifetime), former smoker

(o100 lifetime cigarettes, not currently smoking), and

current smoker (o100 lifetime cigarettes, currently

smoking).

Statistical analysis

The aims of our analyses were, first, to examine

whether the likelihood of having increased SF differ

between subjects with and without AI, within each

ethnic group. This was determined by using multi-

variate logistic regression models to compare the

odds ratios of having increased SF between sub-

jects with and without AI present, stratified by

ethnicity, after adjusting for the potential confound-

ing effects.

The second aim of our study was to investigate

whether blacks are more likely to have elevated SF

than whites in regard to AI. This was determined by

comparing the odds of having elevated SF between

blacks and whites, stratified by AI status, after ad-

justing for the potential confounders.

The third aim of our analyses was to examine

whether the magnitude of the elevated SF is different

between blacks and whites with AI present. This was

determined by comparing the risks of having in-

creased SF per unit change in several inflammation

markers including CRP, fibrinogen, WBC, albumin

and platelet count between black and white subjects

with AI present, after adjusting for the potential

confounding effects. An interaction term constructed

as cross-product of ethnicity and selected inflam-

mation markers (as continuous variables) was in-

cluded in the logistic regression models to allow

calculation of b coefficients.

In addition to the confounders described earlier,

cardiovascular diseases/diabetes mellitus/hyperten-

sion status, and cardiovascular disease risks including

TG, total cholesterol, HDL cholesterol, LDL choles-

terol, waist circumference, systolic and diastolic blood

pressure were also adjusted for in logistic regression

models because of their known relationship to ferritin

and CRP [29]. However, LDL cholesterol and waist

circumference were excluded from logistic models

because of their unacceptable percentage of missing

values (LDL cholesterol 59.65%, waist circumference

15.54%). Multicollinearity among independent vari-

ables for each logistic model was tested by checking

the variance inflation factor (VIF). Any variable with

a VIF that exceeded 4 was excluded from the model

(no variable was detected with VIF greater than 4).

Data were analysed by using SAS 9.1 (SAS

Institute Inc., Cary, NC, USA) and SUDAAN 9.0

(Research Triangle Institute, Research Triangle Park,

NC). Descriptive statistics were computed for all

variables, including means for continuous data, fre-

quencies for categorical variables, and standard

error of the mean (S.E.M.). SUDAAN’s t test and

SUDAAN’s x2 test were used to compare the means

of all continuous variables and frequencies of all

categorical variables between NHWs and NHBs

stratified by status of AI, respectively. Logistic re-

gression analysis was applied for our likelihood and

magnitude tests. The statistical significance level was

set at P<0.05. Sampling weights were applied to all

analyses to account for the complex design effect and

for non-response.
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RESULTS

Subjects characteristics

The overall prevalence of AI (CRP o1.0 mg/dl) was

7.97% (399/5007), including 235 NHWs and 164

NHBs (Table 1). The mean SF was significantly

higher in NHBs than NHWs (212.2 mg/l vs. 175.9 mg/l,

P<0.01). In individuals with AI present, NHBs were

younger, poorer, less likely to be a former smoker but

more likely to smoke currently, and had a higher

percentage of subjects with less than high school

education compared to NHWs. Overall, there was no

significant difference in reported disease prevalence

including cancer, congestive heart failure, diabetes

mellitus, heart attack, hypertension and stroke be-

tween NHW and NHB subjects with AI. There were

no significant differences in the values of CRP, serum

albumin, platelet count, plasma fibrinogen and lym-

phocyte between NHBs and NHWs. However,

NHWs with AI present were found to have signifi-

cantly higher values of WBC and mononuclear counts

compared to their black counterparts. NHBs had

significant lower values of Hb, but their SF con-

centrations were significantly higher compared to

NHWs. Significant differences in HDL and LDL

cholesterol were also found between these two groups

(Table 1).

For subjects without AI, significant differences

in age, education, income level and smoking status

were found between NHWs and NHBs. Generally,

NHBs were younger, less educated, more likely

to be non-smokers and current smokers, and had

less income compared to their NHW counter-

parts. Disease status was not significantly different

between the two groups, except for the signifi-

cantly higher prevalence of heart attack in NHWs.

The overall BMI and its categories were not found

to be significantly different between NHBs and

NHWs, but NHWs were observed to have signifi-

cantly higher waist circumference compared to

NHBs. All the infection markers were found to be

significantly different between these two groups ex-

cept for plasma fibrinogen. Haematological markers

were also significantly different between NHWs

and NHBs. Compared to NHWs, NHBs had signifi-

cantly lower Hb but higher SF concentration. NHWs

showed significantly higher levels of TG, total

cholesterol and significantly lower levels of HDL

cholesterol compared to NHBs. However, systolic

blood pressure was significantly higher in NHBs

(Table 1).

Distribution of elevated SF

The proportion of subjects with AI present who had

elevated SF concentrations (>300 mg/l) stratified by

age and ethnicity is shown in the Figure. NHBs gen-

erally showed a higher proportion of individuals with

elevations in SF in regard to AI than their white

counterparts at each age group except for age 20–29

years. The greatest ethnic difference in the percentage

of individuals with elevated SF concentrations was

seen in the 40–49 years age group.

The prevalence of elevated SF was significantly

higher in NHBs (35.23%) with AI present than

NHWs (21.78%). In the absence of AI, the prevalence

of elevated SF was also significantly higher in NHBs

(18.71%) than NHWs (13.14%). Generally, the pro-

portion of subjects with elevated SF was lower

in subjects without AI than in subjects with AI.

Regardless of AI status, the proportion of individuals

with normal ferritin concentrations was significantly

higher in NHWs compared to NHBs (Table 2).

Multivariate analysis

Compared with NHB males without AI, NHBs with

AI present were 1.60 times more likely (95% CI,

1.11–2.35) to have elevations in SF after adjustment

for age, PIR, education, BMI, smoking status, and

disease status. When the relationship was further

adjusted for cardiovascular disease risks including

TG, total cholesterol, HDL cholesterol, systolic and

diastolic blood pressure, NHBs with AI present were

associated with a 1.71-fold greater risk (95% CI

1.18–2.49) of having elevated SF than NHBs without

AI. In contrast, there was no significant associ-

ation between elevated SF and AI found in NHWs

(Table 3).

Irrespective of AI status, NHBs were more likely to

have elevations in SF than NHWs (Table 4). With AI

present, NHBs were 2.15 times more likely (95% CI

1.23–3.75) to have elevations in SF compared to their

white counterparts after adjusting for age, ethnicity,

PIR, education, BMI, cigarette smoking and disease

status. The relationship remained significant after

further adjustment for cardiovascular risks, and the

odds ratio of having elevated SF in NHBs was 2.24

(95% CI 1.33–3.76). In the absence of AI, NHBs had

a 1.81-fold greater chance (95% CI 1.43–2.30) of

having elevated SF than did NHWs. After additional

adjustment for cardiovascular risks, the odds ratio

of having increased SF in NHBs was 1.87 (95% CI

1.46–2.40) (Table 4).
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Table 1. Characteristics of 5007 male NHANES III participants aged o20 years by status of acute inflammation

(AI) and ethnicity

Characteristics

Presence of AI Absence of AI

Non-Hispanic

white (n=235)

Non-Hispanic

black (n=164)

Non-Hispanic

white (n=2877)

Non-Hispanic

black (n=1731)

n Mean (S.E.M.) n Mean (S.E.M.) n Mean (S.E.M.) n Mean (S.E.M.)

Age (yr) 235 56.0 (0.3) 164 50.7 (1.2) 2877 44.5 (0.5) 1731 40.2 (0.5)**

Education (yr) 235 12.00 (0.29) 164 12.18 (1.19) 2877 13.11 (0.11) 1731 12.35 (0.26)**

f12yr (%) 114 33.76 (4.22) 99 50.54 (3.52)* 865 20.37 (1.22) 647 31.76 (1.66)**

>12yr (%) 121 66.24 (4.22) 65 49.46 (3.52)* 2012 79.63 (1.22) 1084 68.24 (1.66)**

Poverty income ratio 217 2.94 (0.14) 149 1.95 (0.15)* 2877 3.52 (0.08) 1731 2.28 (0.08)**

<1.3 (%) 69 26.91 (3.95) 85 45.79 (5.51)* 527 14.52 (1.00) 704 37.79 (1.91)**

1.3–3.5 (%) 106 46.06 (5.14) 61 41.23 (5.21) 1309 42.78 (1.41) 750 43.39 (1.58)

o3.5 (%) 60 27.02 (3.53) 18 12.98 (3.37)* 1041 42.70 (1.65) 277 18.82 (1.30)**

Prevalence (%)

Cancer (various types) 0 0 0 0 0 0 0 0

Congestive heart failure 22 5.69 (2.13) 14 9.66 (3.37) 128 2.07 (0.25) 55 2.19 (0.38)

Diabetes mellitus 4 1.21 (0.64) 8 4.87 (1.97) 41 0.94 (0.28) 38 1.60 (0.36)

Heart attack 42 12.71 (2.83) 14 8.99 (2.73) 267 4.74 (0.49) 60 2.68 (0.38)**

Hypertension 82 28.30 (4.55) 65 33.98 (3.39) 819 19.23 (1.18) 473 23.30 (1.18)**

Stroke 26 6.36 (0.94) 14 6.12 (1.50) 116 1.85 (0.23) 39 1.48 (0.29)

Body mass index (kg/m2) 235 27.50 (0.50) 164 28.45 (0.62) 2877 26.69 (0.13) 1728 26.42 (0.13)

<18.5 (%) 8 2.02 (0.82) 6 3.34 (1.43) 40 1.02 (0.24) 29 1.52 (0.29)

o18.5 to <25 (%) 82 33.08 (5.13) 53 28.08 (3.68) 1087 38.28 (1.20) 718 41.83 (1.33)

o25 to <30 (%) 96 40.75 (4.72) 54 37.17 (5.30) 1215 40.96 (1.14) 630 36.61 (1.08)

o30 (%) 49 24.15 (3.13) 51 31.42 (3.84) 535 19.73 (0.90) 351 20.04 (1.02)

Waist circumference (cm) 190 100.77 (0.99) 147 99.31 (1.55) 2706 96.17 (0.27) 1657 91.47 (0.38)**

Smoking status (%)

Non-smoker 57 20.67 (2.81) 43 25.99 (2.53) 933 34.87 (1.16) 660 40.59 (1.63)**

Former smoker 112 37.24 (3.96) 37 17.89 (2.73)* 1233 34.41 (1.23) 399 20.88 (1.16)**

Current smoker 66 42.10 (4.54) 84 56.12 (3.75)* 711 30.72 (1.28) 671 38.53 (1.27)**

CRP (mg/dl) 235 2.27 (0.15) 164 2.19 (0.12) 2877 0.27 (0.01) 1731 0.29 (0.01)**

Serum albumin (g/dl) 232 3.97 (0.05) 163 3.85 (0.03) 2854 4.32 (0.02) 1712 4.20 (0.02)**

WBC (103 cells/mm3) 235 9.17 (0.18) 163 7.45 (0.18)* 2828 7.23 (0.05) 1714 6.37 (0.06)**

Platelet count (103 cells/mm3) 235 281.69 (4.9) 163 282.06 (8.47) 2826 254.42 (2.28) 1714 260.89 (2.51)**

Plasma fibrinogen (mg/dl) 216 668.01 (11.45) 131 614.76 (11.23) 2095 516.12 (56.64) 868 540.17 (52.69)

Lymphocyte (103 cells/mm3) 235 2.18 (0.07) 163 2.37 (0.09) 2827 2.21 (0.02) 1714 2.32 (0.02)**

Mononuclear (103 cells/mm3) 233 0.56 (0.01) 160 0.47 (0.02)* 2794 0.45 (0.01) 1669 0.41 (0.01)**

Haemoglobin (g/dl) 235 14.63 (0.14) 163 13.83 (0.11)* 2828 15.17 (0.04) 1714 14.52 (0.04)**

Serum iron (mg/l) 234 62.07 (3.04) 164 61.17 (2.70) 2875 100.57 (0.93) 1729 93.60 (1.06)

Serum ferritin (mg/l) 235 212.19 (11.26) 164 274.64 (14.90)* 2877 174.10 (4.07) 1731 207.29 (6.14)**

TS (%) 234 19.63 (0.96) 164 19.81 (0.89) 2870 29.45 (0.32) 1725 28.07 (0.30)**

TIBC 234 329.37 (4.56) 164 315.16 (5.08) 2872 347.34 (2.46) 1726 338.62 (2.21)**

Triglycerides (mg/dl) 233 162.32 (9.83) 164 141.87 (6.08) 2867 159.05 (3.69) 1727 120.85 (2.52)**

Total cholesterol (mg/dl) 235 198.56 (3.68) 164 206.52 (5.11) 2876 203.25 (1.09) 1727 197.77 (1.21)**

HDL cholesterol (mg/dl) 232 41.99 (0.93) 164 47.63 (1.58)* 2858 45.05 (0.46) 1720 52.79 (0.53)**

LDL cholesterol (mg/dl) 89 122.63 (3.43) 72 144.19 (7.04)* 1202 131.35 (1.13) 718 125.66 (1.85)**

Plasma glucose (mg/dl) 207 104.60 (2.31) 159 115.75 (5.44) 2792 99.95 (0.64) 1722 98.94 (0.80)

Systolic blood pressure (mmHg) 206 130.24 (1.76) 158 133.08 (1.17) 2796 124.54 (0.52) 1725 126.41 (0.49)**

Diastolic blood pressure (mmHg) 206 76.64 (0.71) 158 78.33 (1.04) 2796 76.63 (0.28) 1725 77.98 (0.43)**

CRP, C-reactive protein ; WBC, white blood cell ; TS, transferrin saturation; TIBC, total iron binding capacity ; HDL, high
density lipoprotein ; LDL, low density lipoprotein.

* The means of all continuous variables were compared between AI present non-Hispanic white and non-Hispanic black
male subjects using SUDAAN’s t test. The frequencies of all categorical variables were compared between these two groups
by using SUDAAN’s x2 test. Statistical significance was set at P<0.05.
** The means of all continuous variables were compared between AI absent non-Hispanic white and non-Hispanic black

male subjects using SUDAAN’s t test. The frequencies of all categorical variables were compared between these two groups
by using SUDAAN’s x2 test. Statistical significance was set at P<0.05.
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With AI present, every increment of WBC, serum

albumin, lymphocyte count and platelet count was

associated significantly higher risks of having elevated

SF in NHBs than NHWs in both reduced and full

logistic models (Table 5). With additional adjustment

for cardiovascular disease risks in the full logistic re-

gression model, every unit change in CRP was associ-

ated with significantly higher odds ratios of having

elevations in SF in NHBs than NHWs. However, no

significant difference in the odds ratios of having

elevated SF with unit change in monocyte count was

found between NHBs and NHWs (Table 5).

DISCUSSION

In the present study, the prevalence of elevated SF

was significantly higher in NHBs than NHWs, re-

gardless of AI status. Overall, the mean SF concen-

tration of NHBs was significantly higher than that of
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Fig. The proportion of subjects with acute inflammation present who had elevated serum ferritin concentration (>300 mg/l),
stratified by age and ethnicity. &, Non-Hispanic black; %, non-Hispanic white.

Table 2. Association between serum ferritin levels# and acute

inflammation (AI) status, by ethnicity

Ethnicity

Presence of acute inflammation

Yes No

n % (S.E.M.) n % (S.E.M.)

Non-Hispanic white (n=3112)
Elevated ferritin 54 21.78 (2.67) 417 13.14 (0.91)
Normal ferritin 172 75.40 (3.00) 2364 84.02 (1.01)

Decreased ferritin 9 2.82 (0.88) 96 2.84 (0.35)

Non-Hispanic black (n=1985)
Elevated ferritin 56 35.23 (3.60)* 330 18.71 (1.15)**
Normal ferritin 105 63.20 (3.68)* 1359 79.45 (1.13)**

Decreased ferritin 3 1.58 (1.26) 42 1.85 (0.36)

# A serum ferritin concentration <25 mg/l, 25–300 mg/l, or >300 mg/l was used
to define decreased, normal and elevated ferritin level, respectively. SUDAAN’s
x2 test was used to compare the number of individuals with decreased, normal, and
elevated ferritin level between blacks and whites, respectively, stratified by AI

status.
* Significant difference between AI present non-Hispanic white and non-Hispanic
black male subjects, P<0.05.

** Significant difference between AI absent non-Hispanic white and non-
Hispanic black male subjects, P<0.05.
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NHWs. This finding is consistent with the results

from previous studies in which blacks were found to

have higher SF concentrations than their white

counterparts [30–33]. Although most probably the

higher SF in blacks results from a complex inter-

play of individual attributes, minority, socioeconomic

stress and environmental characteristics, the possible

influence of different response to inflammation on the

ethnic differences in ferritin distribution has caught

increasing research interest.

In the present study, NHBs consistently had a

higher percentage of individuals with elevated SF

than that of NHWs after age 30 years, when AI was

present. In contrast to NHWs, NHBs were more

likely to have elevated SF with respect to AI.

Moreover, with AI present, NHB ethnicity was not

only associated with greater risks of having increased

SF, but also associated with a much greater magni-

tude of elevations in SF per unit change in inflam-

mation markers. Therefore, the results raised the

Table 3. Association between acute inflammation (AI) and elevated

serum ferritin (SF) concentration, stratified by ethnicity#

Ethnicity

Adjusted odds ratio

Model no. 1$ Model no. 2·

n OR (95% CI) n OR (95% CI)

Non-Hispanic white 2910 1.43 (0.87–2.34) 2787 1.38 (0.89–2.12)
Non-Hispanic black 1729 1.60 (1.09–2.35) 1709 1.71 (1.18–2.49)

OR, Odds ratio ; CI, confidence interval.
# Odds ratios of having elevated SF concentrations were compared between AI

present (CRP o1.0 mg/dl) subjects and AI absent subjects (reference group)
within each ethnicity. Elevated SF concentration defined as >300 mg/l for male.
$ Model no. 1 adjusted for age, poverty income ratio, education, body mass in-

dex, smoking status, chronic diseases including cancer, congestive heart failure,
heart attack, hypertension, diabetes and stroke.
· Model no. 2 further adjusted for cardiovascular risk factors including trigly-
cerides, total cholesterol, high density lipoprotein cholesterol, systolic and dias-

tolic blood pressure in addition to the effects adjusted in model no. 1.

Table 4. Comparisons of non-Hispanic whites and non-Hispanic blacks in

regard to the risk of having elevated serum ferritin (SF), stratified by

acute inflammation (AI) status#

Logistic regression models

Presence of AI

Yes No

n aOR (95%CI) n aOR (95%CI)

Model no. 1$ 366 2.15 (1.23–3.75) 4273 1.81 (1.43–2.30)
Model no. 2· 333 2.24 (1.33–3.76) 4163 1.87 (1.46–2.40)

aOR, Adjusted odds ratio.

# Odds ratios of having elevated SF in regard to AI were compared between non-
Hispanic white (reference group) and non-Hispanic black male subjects, stratified
by AI status. Elevated SF defined as >300 mg/l for male.

$ Model no. 1 adjusted for age, ethnicity, poverty income ratio, education, body
mass index, smoking status, chronic diseases including cancer, congestive heart
failure, heart attack, hypertension, diabetes and stroke.
· Model no. 2 further adjusted for cardiovascular risk factors including trigly-

cerides, total cholesterol, high density lipoprotein cholesterol, systolic and dias-
tolic blood pressure in addition to the effects adjusted in model no. 1.
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possibility that there might be different modes of in-

flammation-mediated ferritin increase between blacks

and whites.

Cytokines directly regulate ferritin secretion both

transcriptionally andpost-transcriptionally.Anumber

of cytokines including interleukin-1-alpha (IL-1a),

interleukin 6 (IL-6), tumour necrosis factor-alpha

(TNF-a) have been shown to up-regulate ferritin

production [1, 9]. Pro-inflammatory cytokines TNF-a

and IL-1a transcriptionally induce the H chain of

ferritin. As a result, the selective induction of ferritin

H mRNA will lead to the accumulation of a popu-

lation of H-rich ferritin protein and substantially

increase the content of ferritin [1]. In primary cultured

human hepatocytes, IL-1a and IL-6 can induce a

transient secretion of ferritin at 24 h followed by a

decline to baseline [34]. Results from these studies

suggest another possibility that the differential pat-

terns of raised ferritin observed between blacks

and whites could be a result of different cytokine-

induced ferritin synthesis during inflammation.

However, prospective studies are required to test the

hypothesis.

In our study, NHBs demonstrated a greater capa-

bility and propensity to have increased stored iron,

reflected as elevated SF, than NHWs in regard to AI.

One potential explanation for this finding is that

the observed disparate patterns of ferritin increase

may be a result of the different cytokine genotype

distribution between blacks and whites. Several

studies have shown that significantly different allelic

and genotypic cytokine distribution exists between

blacks and whites [35–37]. Most studies reported

that blacks have a greater predisposition to inflam-

mation because of the more up-regulated inflam-

mation cytokine genotypes they carry, IL-1a, IL-6

and TNF-a in particular. Therefore, the higher risks

of having raised SF observed in blacks with inflam-

mation present may be the functional consequences

of their predisposition to the higher levels of pro-

inflammatory cytokines which are known to stimulate

ferritin secretion.

We also observed that, with AI present, every unit

increment of selected inflammation markers was

associated with significantly higher risks of having

elevated SF in NHBs than in NHWs. The stronger

inflammation–ferritin relationship observed in blacks

raised another possibility that the amplified increase

in stored iron may predispose blacks to worse clinical

outcomes and poorer treatment responses. Indeed,

observations over the last few decades have identified

ethnic differences in response to therapies in many

Table 5. Comparisons of having elevated serum ferritin per unit change in

inflammation markers between non-Hispanic whites and non-Hispanic

blacks, with acute inflammation present#

Inflammation
marker

Model 1$ Model 2·

n b̂b (P)" n b̂b (P)"

C-reactive protein 366 0.10 (0.3556) 333 0.21 (0.0005)*
White blood cell 365 0.06 (<0.0001)* 332 0.05 (0.0001)*
Serum albumin 364 0.08 (0.0201)* 331 0.09 (0.0031)*
Lymphocyte count 365 0.15 (0.0040)* 332 0.14 (0.0038)*

Monocyte count 361 0.38 (0.0987) 328 0.32 (0.1264)
Platelet count 365 0.002 (0.0002)* 332 0.002 (0.0003)*

# Logistic regression models were used to estimate the magnitude of serum ferritin
elevation associated with one unit change in inflammation markers. Interaction

term (composite of ethnicity and selected infection markers as continuous vari-
ables) was included to allow calculation of b coefficients.
$ Model no. 1 adjusted for age, ethnicity, poverty income ratio, education, body

mass index, smoking status, chronic diseases including cancer, congestive heart
failure, heart attack, hypertension, diabetes and stroke.
· Model no. 2 further adjusted for cardiovascular risk factors including trigly-

cerides, total cholesterol, high density lipoprotein cholesterol, systolic and dias-
tolic blood pressure in addition to the effects mentioned in Model no. 1.
" P value corresponding to the comparisons between the b of non-Hispanic black
and non-Hispanic white (reference group), respectively.

* Statistical significance set as P<0.05.

428 Y. Pan and R. T. Jackson

https://doi.org/10.1017/S095026880700831X Published online by Cambridge University Press

https://doi.org/10.1017/S095026880700831X


diseases, including hypertension [38, 39], diabetes [40],

renal transplantation [41], and heart failure [42]. In

addition, there are striking ethnic differences in re-

sponse to interferon therapy for hepatitis C (HCV).

Long-term sustained responses to alpha interferon

are substantially lower in black patients than white

patients with HCV [43]. Interestingly, the fact that

iron depletion by phlebotomy in patients with HCV

reduces serum aminotransferase levels [44], and in

combination with interferon, may have improved

antiviral efficacy compared with interferon alone [45]

suggests that increased iron stores may be the cause

of the reduced response to interferon. Although the

presence of increased iron stores is a recognized pre-

dictor of poor response to interferon monotherapy

[46–48], the association between increased iron stores

and treatment response for other diseases has not yet

been adequately investigated. Given the fact that fer-

ritin plays a prominent role in the cytokine response

and inflammatory processes, perhaps the more ag-

gressive iron accumulation pattern, reflected by the

higher likelihood and greater magnitude of elevated

SF is a reflection of the greater intensity of inflam-

mation and the stronger host immunoresponsiveness

underlying a number of physiopathological processes.

Therefore, larger, prospective studies are needed to

investigate whether the different patterns of increase

in iron stores are associated with different therapy

response among various ethnicities.

To date, little is known about the underlying

mechanisms of the disease disparities highlighted by

the strikingly higher morbidity and mortality rates

in blacks. Compared with whites, blacks have y1.5

times higher death rates from all causes, worse

survival after myocardial infarction [49], a twofold-

higher incidence of and morbidity from stroke [50,

51], and significantly higher morbidity and mortality

rates from diabetes [52], AIDS [53], and cancer [54].

Given the pivotal role ferritin plays in the cellular in-

flammatory response and pathogenesis of disease, the

question of whether there is a difference in responsive

ferritin synthesis during inflammation between blacks

and whites, and whether the differences in iron store

play a role in disease disparities merits further re-

search.

To our knowledge, this is the first study to assess

the ethnic difference in the association between AI

and increased iron stores, defined as elevated SF be-

tween blacks and whites. Despite the fact that ethnic

differences in disease burden, progressions, compli-

cations, outcomes and treatment response have been

observed between blacks and whites, the explanation

for this remains unknown. Of great interest is to dis-

cover whether there are ethnic differences in the in-

flammatory process and host immunoresponsiveness

that underlie a variety of clinical pathophysiological

conditions. Within this work, we presented evidence

that blacks seem to have a more aggressive pattern of

having elevated SF in regard to AI compared to

whites. And the stronger inflammation–ferritin re-

lationship observed in blacks may reflect their more

robust immune response and, therefore, may con-

tribute to the poorer prognosis and treatment resist-

ance. However, more prospective data are required to

further investigate the hypothesis.

Despite the significant findings provided, our

analysis is not powered to address the underlying

mechanisms of the observed ethnic differences in the

association between AI and raised ferritin. Due to the

cross-sectional nature of the design, causal relation-

ship cannot be inferred between AI and raised SF.

Therefore, more specific investigation is needed to

further explore the responsible biological rationale.

However, our study does raise the possibility that

different patterns of iron accumulation may play a

role in disease processes and result in different clinical

outcomes and drug response. Future studies will

address this topic.

In conclusion, the current results indicated that

different patterns of iron accumulation in regard to

AI exist between blacks and whites. Further eluci-

dation is needed about how ferritin regulation is per-

turbed in diseases, and whether increased iron stores

play a role in different clinical outcomes and drug re-

sponse. To what extent different levels of iron stores

contribute to the disparate ethnic responses to disease

and treatments requires further investigation. A more

complete knowledge of the aetiology of the differences

in host inflammatory response could provide clin-

icians with the ability to optimize the therapeutic

regimens tailored to the individual.
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