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■ Abstract

(148.5 ± 104.7 ng/ml vs. 52.2 ± 45.9 ng/ml) and was inversely associated with CRF levels. In the high CRF group,
32.7% of participants had a low SF concentration whereas
only 16.8% of participants had a high SF concentration
level. After adjusting for potential confounders, male participants in the highest SF quartile level had a 1.7 times (HR:
1.67, 95% CI: 1.05, 2.66; p-trend = 0.027) increased risk for
developing T2D compared with those in the lowest SF quartile group. CONCLUSION: Lower SF concentration was
associated with lower risk of developing T2D in those regularly participating in CRF. The findings from this study suggest that SF concentration could be used as a diabetic predictor. Based on these results clinicians and public health
professionals should promote regular physical activity or fitness to reduce the incidence of T2D.

BACKGROUND: Cardiorespiratory fitness (CRF) and
physical activity (PA) are inversely related to the occurrence
of type 2 diabetes (T2D). Both play an important role in reducing serum ferritin (SF) concentration. Increased SF concentration is considered a contributing factor for developing
T2D. METHODS: The present cohort study investigated
5,512 adult participants enrolled in the Aerobics Center
Longitudinal Study (ACLS) between 1995 and 2001. The
subjects completed a comprehensive medical examination
and a SF evaluation, and had been followed up until either
diabetes onset, death, or the cut-off date of November 2007.
Three CRF levels were categorized. SF quartile levels were
defined by gender and menopausal status. The incidence of
T2D was calculated for 10,000 person-years, and hazard ratios (HR) were computed to predict the incidence of T2D
based on SF quartiles and CRF levels. RESULTS: SF concentration was significantly higher in males than in females

Keywords: type 2 diabetes · ferritin · cardiorespiratory
fitness · physical activity · insulin
creased incidence of T2D development. SF may affect
the glucose metabolic process that impairs the insulin
effect and results in T2D [4]. It may also lead to impaired hepatic insulin extraction [5-6]. Tissue and organ damage occurs when the SF titer is high [7]. If untreated, elevated SF may cause damage to pancreatic
beta-cells that in turn induce abnormalities in insulin

Introduction
erum ferritin (SF) concentration, a biomarker of
iron stores, is found to be higher in diabetic individuals, in particular those with type 2 diabetes (T2D). [1-3]. A number of studies indicate that increased SF concentrations are associated with an in-

www.The-RDS.org

245

DOI 10.1900/RDS.2008.5.245

246

The Review of Diabetic Studies
Vol. 5 ⋅ No. 4 ⋅ 2008

synthesis and insulin secretion, and as such eventually
result in diabetes [5].
Recently, the potential role of SF in T2D has
gained attention. A number of studies suggest that SF
is an important contributor to inducing the onset of
T2D [1-4, 8-13]. A study conducted in Finland found
that males with high body iron stores were 2.4 times
more likely to have diabetes than those with lower iron
stores [11]. However, little is known about the potential relationship between CRF and SF concentration
levels and their combined effect on the development
of T2D [14]. SF concentration has been found to be
positively associated with body mass index (BMI), alcoholic intake, triglyceride levels, and elevated diastolic
and systolic blood pressure [15, 16]. Some studies suggested that SF has positive associations with only
plasma oxidized LDL, and not with LDL-cholesterol
[7], while others found a significant association between SF concentration and cholesterol [15, 17].
Some studies reported that physical activity (PA)
plays an important role in reducing SF concentration
[18, 19], but others reported contradicting outcomes
[16, 20]. A decrease in SF concentration was also
shown to depend on the duration and frequency of PA
[18, 21]. Moderate PA, defined as activity burns of 3 to
5.9 metabolic equivalents (METs) or 3.5 to 7
kcal/minute [22], was found to be more effective in
lowering SF concentration than vigorous activity [20],
defined as activity burns of more than 6.0 METs or
more than 7 kcal/minute [22]. Others found that regular exercise could also decrease SF concentrations [23].
Another study, assessing subjects after a 24 week period, reported a significant decrease in mean SF in subjects who walked five days per week, but not in those
who walked only three days per week [21]. A Finnish
Study [18] showed that mean SF concentration was
16.8% lower in individuals within the highest quartile
of PA (>2.6 hours per week) compared to those within
the lowest quartile of activity (<0.4 hours per week),
and was 19.9% lower in individuals within the highest
category of PA frequency (>3 sessions per week)
compared to those within the lowest activity frequency
(<1 session per week). Nevertheless, other studies
have proven to be inconclusive with respect to detecting significant associations between PA or CRF levels
and SF concentration [16, 24].
The objectives of this study were to evaluate 1. the
association between SF concentration and incidence of
T2D, and 2. the effects of CRF levels on SF and its
potential contribution to the development of T2D. We
hypothesize that elevated SF concentration is an independent predictor of a subject’s potential for develop-
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ing an increased risk of T2D, and that CRF is inversely
correlated to SF levels, ultimately resulting in a decreased risk of T2D.

Methods
Sample
The Aerobics Center Longitudinal Study (ACLS) is
an ongoing epidemiologic study being conducted by
the Cooper Institute since 1970. In this study, we analyzed 5,512 study participants enrolled into the ACLS
between 1995 and 2001, who had completed 1. a comprehensive medical examination, 2. a medical survey
questionnaire, and 3. who participated in follow up
sessions until diabetes onset, death, or the cut-off date
of November 2007. This analysis was restricted to participants who had a SF evaluation and were free from
diabetes, cardiovascular diseases, and other medical
conditions at baseline. The study protocol was approved by the Institutional Review Board (IRB) of the
University of North Texas Health Science Center at
Fort Worth, Texas, and the Cooper Institute in Dallas,
Texas.
Measurements
Variables used in this study included the incidence
of T2D (outcome variable), SF concentration, CRF
(independent variables), demographic characteristics,
family history of diabetes, and other possible identified
confounders (covariates). Diabetes was diagnosed by
physicians of the Cooper Institute by following the
American Diabetes Association guidelines, using one
of two criteria. Firstly, if fasting-plasma glucose ≥7
mmol/l (126 mg/dl) was reported at a clinical followup evaluation or, secondly, if a response to a health
survey stated that the subject was either currently taking hypoglycemic medication or was diagnosed with
T2D by their personal physician. BMI was classified
into three levels: 1. normal: 18.5- 24.9 kg/m2, 2. overweight: 25.0-29.9 kg/m2, and 3. obese ≥ 30.0 kg/m2.
Smoking status was categorized as having never
smoked, being a former smoker, or being a current
smoker. Alcohol consumption was dichotomized as
light (less than 5 drinks per week) or moderate (equal
to or greater than 5 drinks per week).
Cardiorespiratory fitness was measured using a
maximal treadmill exercise test according to the Balke
protocol [25]. CRF was categorized from the CRF
quintiles across sex-age-specific groups developed by
Blair et al. [26]. For this study three levels of CRF were
determined: low was defined by the CRF quintile level I
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Table 1. Baseline characteristics of study subjects by gender and serum ferritin levels
Parameter

Men
(n = 3,748)

Age (yr)
48.1 ± 9.2
Men
68.2
Premenop. women
Postmenop. women
Race (white)
92.7
Race (other)
9.3
2
±
BMI (kg/m )
29.2 11.9
Serum ferritin (ng/ml)
Men
148.5 ± 104.5
Premenop. women
Postmenop. women
FPG (≥ 110 mg/dl)
10.5
Chol. (≥ 240 mg/dl)
14.3
HDL (≤ 40 mg/dl)
23.5
TG (≥ 200 mg/dl)
15.1
Fibrinogen (≥ 400 mg/dl)
7.5
Hematocrit
m: ≥ 52%, w: ≥ 47%
0.4
Drinking (≥ 5 drinks/wk)
15.9
Smoking
15.3
CRF level*
Low CRF
9.2
Moderate CRF
37.9
High CRF
52.9
Family history of diabetes
2.8

Women
(n = 1,764)
48.6 ± 9.9

Serum ferritin level**
Quartile II
Quartile III

Quartile I

p
Quartile IV

47.3 ± 9.5
27.0
27.0
25.3
27.3
23.8
25.8 ± 4.0

48.6 ± 9.6
24.1
20.3
29.7
23.6
24.3
26.4 ± 4.2

49.7 ± 9.1
19.4
17.2
33.3
19.8
23.3
27.1 ± 1.5

< 0.0001
< 0.0001

23.3
8.5
94.4
5.6
±
25.6
10.0

48.0 ± 9.5
29.5
35.5
11.8
29.3
28.6
25.6 ± 4.1

47.0 ± 40.9
71.4 ± 54.5
4.0
12.0
3.0
6.3
9.0

58.1 ± 20.3
15.9 ± 6.3
17.4 ± 6.9
6.4
8.4
15.1
8.7
5.9

112.3 ± 14.2
34.9 ± 5.7
36.4 ± 5.8
7.0
14.3
16.4
11.4
6.1

170.0 ± 20.5
58.2 ± 8.7
59.5 ± 8.9
9.2
14.7
16.7
11.6
9.0

307.6 ± 119.3
117.2 ± 47.2
127.6 ± 59.7
12.2
18.2
21.5
19.2
11.2

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.0002
< 0.0001
< 0.0001

5

0.3
2.4
5.7

0.3
10.4
8.7

0.1
12.3
13.7

0.3
12.4
14.2

0.5
11.0
14.0

5.7
25.8
68.5
3.2

24.6
24.9
32.7
2.5

24.2
25.6
28.0
2.2

28.2
24.7
22.5
3.6

23.0
24.8
16.8
2.1

NS
< 0.0001

4

NS
NS
0.0017
< 0.0001

NS

Legend: Data are percentages unless indicated as means ± SD. p-value by chi- square or analysis of variance (ANOVA). Premenop.: premenopausal. Postmenop.: postmenopausal. BMI: body mass index. FPG: fasting plasma glucose. Chol.: cholesterol. HDL: high density lipoprotein. CRF: cardiorespiratory fitness. NS: not significant. * Cardiorespiratory fitness levels classified based on age-sex-specific fitness
quintiles (I: lowest; V: highest); CRF low = quintile I, CRF moderate = quintile II and III, CRF high = the two highest quintiles IV and V.
** Serum ferritin levels classified as follows: SF quartile I: <80 ng/ml in males, <21 ng/ml in premenopausal females, and <37 ng/ml in
postmenopausal females; SF quartile II: 80-124 ng/ml in males, 21-35 ng/ml in premenopausal females, and 37-58 ng/ml in postmenopausal females; SF quartile III: 124-188 ng/ml in males, 35-60 ng/ml in premenopausal females, and 58-90 ng/ml in postmenopausal females;
SF quartile IV: >188 ng/ml in males, >60 ng/ml in premenopausal females, and >90 ng/ml in postmenopausal females.

or the lowest 20% of the distribution; moderate was defined by the CRF quintiles II and III or the middle
40% of the distribution; and high was defined by CRF
quintiles IV and V or the upper 40% of the distribution [26-28].
According to the 2000 U.S. Census, most females
in the U.S. reach menopause at the age of 55 years
[29]. We therefore defined pre-menopausal female as
age 54 years or younger and postmenopausal females
were defined as age 55 years or older at the baseline.
All subjects were classified across SF quartiles as fol-
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lows: SF quartile I: <80 ng/ml in males, <21 ng/ml in
premenopausal females, and <37 ng/ml in postmenopausal females; SF quartile II: 80-124 ng/ml in males,
21-35 ng/ml in premenopausal females, and 37-58
ng/ml in postmenopausal females; SF quartile III: 124188 ng/ml in males, 35-60 ng/ml in premenopausal
females, and 58-90 ng/ml in postmenopausal females;
SF quartile IV: >188 ng/ml in males, >60 ng/ml in
premenopausal females, and >90 ng/ml in postmenopausal females. Other serum parameters, including
cholesterol, HDL, glucose, fibrinogen, and hematocrit,
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Cox proportional hazards models were used to study
the effect of baseline SF concentration on developing
T2D. All proportionality assumptions were assessed by
checking the log cumulative survival plots for exposure
categories. The Wald test is used to prove that either
Statistical Analysis
the single or joint effect of different levels of CRF and
A chi-square test was used to define the relationSF concentrations in the proportional hazard model is
ship between SF categories, CRF quintile levels, and
fitted. We also checked the interaction between SF and
other risk factors for T2D. Person-time was calculated
CRF on diabetes incidence. The model with interacfrom the baseline examination to new-onset diabetes,
tion does not fit the data better than a model without
the last examination or the last follow-up. Incidence
interaction. So the interaction is not a significant prerate of T2D was calculated for 10,000 person-years.
dictor and not included in the model.
Hazard ratios were
computed
with 95% confiTable 2. Hazard ratios for development of type 2 diabetes (adjusted for age and ethnicity)
dence
intervals
(CI) to
among Aerobics Center Longitudinal Study participants (1995-2001)
predict the incidence of
Risk factor
Hazard
95% CI
p
T2D based on SF quartiles
ratio
and CRF level after adMen
justment for possible conFerritin (II vs. I)
1.30
0.83 - 2.04
NS
founders. Analysis of variFerritin (III vs. I)
1.51
0.97 - 2.37
0.07
ance was used to compare
Ferritin (IV vs. I)
2.07
1.33 - 3.23
0.001
the mean SF quartile
CRF (moderate vs. low)
0.55
0.35 - 0.87
0.01
among the CRF levels, the
BMI levels, and other seCRF (high vs. low)
0.40
0.26 - 0.62
< 0.0001
rum parametric factors
BMI (overweight vs. normal)
1.40
0.93 - 2.11
NS
across the SF quartile levBMI (obese vs. normal)
2.11
1.33 - 3.35
0.002
els. The statistical signifiFamily history of diabetes (yes vs. no)
1.35
0.43 - 4.26
NS
cance level was set at α =
HDL (low vs. normal)
1.38
0.98 - 1.94
0.064
0.05. SAS version 9.1.3 for
Cholesterol (high vs. normal)
0.95
0.61 - 1.48
NS
Windows was used to anaTriglyceride (high vs. normal)
1.66
1.14 - 2.42
0.008
lyze all data [31].
Smoking (current smoker vs. never smoked)
1.03
0.62 - 1.73
NS
were classified into normal, high, or low, based on
Mosby’s Diagnostic and Laboratory Test Reference
(3rd ed.), as established by Pagana and Pagana [30].

Smoking (former smoker vs. never smoked)
Drinking (≥5 drinks/wk vs. <5 drinks/wk)
Women
Ferritin (II vs. I)
Ferritin (III vs. I)
Ferritin (IV vs. I)
CRF (moderate vs. low)
CRF (high vs. low)
BMI (overweight vs. normal)
BMI (obese vs. normal)
Family history of diabetes (yes vs. no)
HDL (low vs. normal)
Cholesterol (high vs. normal)
Triglyceride (high vs. normal)
Smoking (current smoker vs. never smoked)
Smoking (former smoker vs. never smoked)
Drinking (≥5 drinks/wk vs. <5 drinks/wk)

0.71
0.80
1.35
0.86
0.88
0.60
0.63
1.58
0.53
3.06
0.63
2.16
1.05
1.17
0.20
0.00

0.42 - 1.19
0.47 - 1.38
0.66
0.37
0.38
0.21
0.24
0.88
0.13
0.91
0.09
1.12
0.37
0.36
0.05
0.00

-

2.73
1.98
2.04
1.72
1.62
2.84
2.21
10.26
4.60
4.18
2.94
3.82
0.84
0.00

NS
NS
NS
NS
NS
NS
NS
NS
NS
0.07
NS
0.022
NS
NS
0.027
NS

Legend: HDL: high density lipoprotein. BMI: body mass index. CRF: cardiorespiratory fitness.
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Results
Table 1 shows the baseline characteristics of 3,748
men and 1,764 women.
The participants were predominantly white (93.2%)
with ages ranging from 20
to 83 years. Men had a
higher mean BMI than
women (29.2 ± 11.9 vs.
25.6 ± 10.0). The percentage of moderate drinkers
and current smokers was
higher in males (15.9% and
15.3%, respectively) than
in females (2.4% and 5.7%,
respectively). More than
68.5% of the women were
in the high CRF level com-
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pared to approximately 52.9% of men. SF concentration levels were significantly higher in men than
women. Male participants were more likely to have
high cholesterol than females (14.3% and 12.0%, respectively), and to have low HDL than females (23.5%
and 3.0%, respectively).
A significant relationship between CRF levels and
SF concentration levels could be observed (Table 1). A
higher median SF existed among participants with a
low CRF level. The characteristics of serum parameters
across the SF quartile levels are displayed in Table 1.
The means of SF concentration were significantly
higher in males, 148.0 ± 104 ng/ml, than in premenopausal females or postmenopausal females, 47.0 ± 40.9
ng/ml and 71.4 ± 54.5 ng/ml, respectively. The proportion of abnormal serum parameters including low

249

HDL, high blood glucose, cholesterol, triglyceride levels and fibrinogen significantly increased with elevated
SF concentration levels, with the exception of hematocrit.
Age- and race-adjusted hazard ratios (Table 2) were
used to quantify the strength of the association between SF concentration and the risk of developing
T2D. The results showed that men in the highest ferritin quartile, i.e. obese men, and men with high plasma
TG all had an increased T2D risk (HR: 2.07; 95% CI:
1.33, 3.23; HR: 2.11; 95% CI: 1.33, 2.35; and HR: 2.11;
95% CI: 1.33, 2.35, respectively). Also, women with
high cholesterol had an increased T2D risk (HR: 2.16;
95% CI: 1.12, 4.18). Surprisingly, former female smokers had a decreased T2D risk compared with those
who had never smoked (HR: 0.20; 95% CI: 0.05, 0.84).

Table 3. Incidence of type 2 diabetes across serum ferritin quartile levels by gender
Parameter
Quartile I
Men
1067 (29.5)
Diabetes cases
36
Cumulative incidence rate
3.4
Mean follow-up (yr)
4.7
Median follow-up (yr)
4.6
Person-years of observation
4971. 6
Event rate‡
72.4
Hazard rate (95% CI) for the development of T2D
SF crude
1.0
SF alone
1.0
SF*
1.0
SF**
1.0
SF #
1.0
SF ##
1.0
Women
491 (29.1)
Diabetes cases
14
Cumulative incidence rate
2.9
Mean follow-up (yr)
4.7
Median follow-up (yr)
4.5
Person-years of observation
2287. 9
Event rate‡
61.2
Hazard rate (95% CI) for the development of T2D
SF crude
1.0
SF alone
1.0
SF*
1.0
SF**
1.0
SF #
1.0
SF ##
1.0

Quartile II

Serum ferritin levels
Quartile III

Quartile IV

Ptrend

977 (27.0)
42
4.3
4.7
4.7
4626. 6
90.8

871 (24.1)
44
5.1
4.6
4.5
4023. 5
109. 4

700 (19.4)
45
6.4
4.3
4.1
3035. 8
148. 2

< 0.0001
0.023

1.24 (0.79 - 1.93)
1.30 (0.83 - 2.04)
1.28 (0.81 - 2.01)
1.29 (0.82 - 2.03)
1.26 (0.80 - 1.99)
1.26 (0.80 - 1.99)
448 (26.6)
18
4.0
4.5
4.5
2024. 3
88.9

1.48 (0.95 - 2.30)
1.51 (0.97 - 2.37)
1.42 (0.90 - 2.23)
1.43 (0.91 - 2.24)
1.38 (0.87 - 2.17)
1.39 (0.88 - 2.18)
385 (22.8)
10
2.6
4.5
4.5
1726. 4
57. 9

2.04 (1.31 - 3.16)
2.07 (1.33 - 3.23)
1.90 (1.21 - 2.99)
1.79 (1.13 - 2.82)
1.71 (1.07 - 2.71)
1.67 (1.05 - 2.66)
362 (21.5)
11
3.0
4.4
4.3
1606. 2
68. 5

0.002
0.004
0.015
0.007
0.015
0.027
NS

1.45
1.35
1.36
1.35
1.41
1.28

0.96
0.86
0.86
0.86
0.85
1.28

1.16
0.88
0.87
0.87
0.87
0.59

NS
NS
NS
NS
NS
NS

(0.72
(0.66
(0.67
(0.67
(0.69
(0.58

-

2.91)
2.73)
2.75)
2.73)
2.87)
2.81)

(0.42
(0.37
(0.37
(0.37
(0.37
(0.46

-

2.15)
1.98)
1.99)
1.98)
1.96)
2.60)

(0.53
(0.38
(0.37
(0.37
(0.37
(0.20

-

2.56)
2.04)
2.02)
2.03)
2.03)
1.76)

Legend: Serum ferritin (SF) levels classified as follows: SF quartile I: <80 ng/ml in males, <21 ng/ml in premenopausal females, and <37
ng/ml in postmenopausal females; SF quartile II: 80-124 ng/ml in males, 21-35 ng/ml in premenopausal females, and 37-58 ng/ml in
postmenopausal females; SF quartile III: 124-188 ng/ml in males, 35-60 ng/ml in premenopausal females, and 58-90 ng/ml in postmenopausal females; SF quartile IV: >188 ng/ml in males, >60 ng/ml in premenopausal females, and >90 ng/ml in postmenopausal females.
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Table 3 lists the age-adjusted incidence rates of
T2D by the SF quartile levels. The association of high
SF levels with incidence of T2D was significant only in
men. The number of male new-onset diabetes cases
increased monotonically from 36 (SF quartile I) to 45
(SF quartile IV). The cumulative incidence rate of T2D
across SF concentrations increased from 3.4% (SF
quartile I) to 6.4% (SF quartile IV) in men (Figure 1).
The incidence rates increased from 72.4 new-onset
cases of T2D per 10,000 person-years (SF quartile I) to
148.2 new-onset cases of diabetes per 10,000 personyears (SF quartile IV) (p = 0.0228) in men (Table 3).

8

6.4
5.1

6

4.3
3.4

4
2
0
I

II

III

IV

Serum ferritin level

Figure 1. Cumulative incidence rate of type 2 diabetes
for men. The figure shows the incidence rate of diabetes
for male study participants in the four serum ferritin (SF)
level quartiles. Higher SF levels were significantly associated with a higher diabetes rate. p = 0.023.

Hazard ratios for the development of T2D in different models are also shown in Table 3. The relationship between the risk of developing T2D and SF levels
was significant in males. Compared to the SF quartile I
category, male participants who had the highest SF
quartile had a 1.67 to 2.07-fold increased T2D risk.
The results per model were: model I: SF without adjustment for possible confounding factors (Ptrend =
0.002); model II: SF after adjustment for age and race
(Ptrend = 0.004); model III: SF and CRF level adjusted
for age, and race (Ptrend = 0.015); model IV: SF adjustment for BMI, age, and race (Ptrend = 0.007); model V:
SF, CRF adjusted for BMI, age and race (Ptrend =
0.015); model VI: SF and CRF adjusted for BMI, age,
race and other possible serum risk factors (Ptrend =
0.027), respectively.
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Discussion
Elevated SF concentration can be one of several
pathological metabolic abnormalities leading to the development of T2D. This led us to explore the relationship between SF levels and the incidence of T2D. We
found that males with an elevated SF concentration
(fourth quartile) were more likely to develop T2D than
those who had lower SF concentration levels. These
findings were consistent with those reported in the literature [13]. Females had a much lower SF concentration compared to males in the same quartile, especially
premenopausal females. This may be due to losing iron
during menstrual cycles [23]. In this regard, Jiang et al.
reported that an elevated SF concentration is associated with an increased risk of T2D in healthy women
[3].
Male subjects who were obese or overweight had a
significant increased risk of developing T2D, even after adjustments for age and race. Sui et al. reported
overweight and obese females had a higher T2D risk
[33]. However, in our sample, females were only marginally overweight (mean BMI 25.6 ± 10.0), so the association with T2D was less apparent than in the male
participants’ group.
A hazard ratio of 1.67 (SF IV vs. SF I), the cumulative diabetes incidence rate, and the 10,000 personyears diabetes rate all supported the hypothesis that SF
concentration directly correlated with the incidence of
T2D (Table 3). These findings were consistent with
those reported in the literature [3, 4, 13]. Our results
relating to CRF levels included a 44% risk reduction
for developing T2D among males with moderate CRF
levels (HR: 0.56; 95% CI: 0.37,0.85) and 58% (HR:
0.42; 95% CI: 0.29,0.63) among males with high CRF
when compared with those in the low CRF level
group. These findings support other reports indicating
that CRF is inversely associated with the incidence of
T2D [33, 34]. Other investigators found that PA or
CRF was a protective factor of T2D [7, 13].
Although no statistically significant interaction between CRF and SF concentration was identified in the
model, using interaction terms, the results of this study
demonstrated a higher risk of developing T2D among
males associated with low fitness and high SF concentration levels. Consistent with the literature, other authors found that PA or CRF were associated with reduced levels of SF concentration or stored iron [18, 20,
21, 23, 35]. In our study, among males, the adjusted
hazard ratios for the development of T2D increased by
67% for those within the highest SF quartile. This is
consistent with finding from Jehn et al. demonstrating
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that an elevated SF level might be a cause for new onset of T2D [4].
The limitations of the study are related to the sample. Firstly, although the ACLS data has been collected
since 1970, SF concentration was only measured from
1995 to 2001; this limited the number of participants
and follow-up time. Secondly, our sample was comprised primarily of white, well-educated participants of
a higher socio-economic class who may have a healthier nutrition than individuals from a lower socioeconomic class. Thirdly, high iron-intake nutrition may
influence SF concentration and the study did not address the issue of diet when assembling the participant
sample. Therefore, future studies are required to further explore the effects of CRF on SF concentration
and T2D among females from a larger sample population and with a longer follow-up period.

Conclusions
The number of individuals participating in PA has
increased. However, the prevalence and incidence of
T2D have increased sharply, possibly due to the fact
that more than 60% U.S. adults who participate in PA
are doing below the recommended levels. PA or CRF
was found to be inversely associated with the preva-
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