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The Israel GOH 29-year follow-up study
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OBJECTIVE —Diabetes is associated with many forms of cancer. Recent evidence has suggested
that some treatments for diabetes are associated with an increased cancer risk. Less is known about
the association between endogenous insulin in the prediabetes state and cancer risk.

RESEARCH DESIGN AND METHODS Ve investigated cumulative cancer incidence
and cancer incidence density over 29 years, according to basal insulin, in a cohort of 1,695
nondiabetic men and women of four ethnic origins, aged 51.8 = 8.0 years at baseline. Total
mortality among the 317 subjects (18.7%) who developed cancer at least 2 years after baseline
was assessed.

RESULTS—In a Cox proportional hazards model, the all-site hazard ratio of cancer incidence
comparing the highest insulin quartile with the other three quartiles was 1.09 (95% CI 0.85—
1.40), adjusted for age, sex, and ethnicity. BMI, smoking, and fasting blood glucose were not
statistically significant in this model. Basal insulin level was not significantly associated with
cancer of specific sites (breast, prostate, colon/rectum, or bladder). Fasting insulin in the upper
quartile conferred a 37% increased risk for total mortality among cancer patients, adjusting for
age, sex, and ethnic origin (95% CI 0.94-2.00, P = 0.097) compared with that of the lower
quartiles. Male sex, older age, and North African origins were associated with a greater risk of
mortality during follow-up time.

CONCLUSIONS —This long-term cohort study may suggest a role for basal elevated insulin
levels, mainly as a negative predictor in cancer prognosis.

Diabetes Care 35:1538-1543, 2012

he American Diabetes Association with an increased mortality hazard ratio

and the American Cancer Society

recently issued a consensus report
showing cancer incidence to be associated
with diabetes (1). Type 2 diabetes has been
associated with increased incidence, in the
range of 1.2-2.5 of cancers of the pancreas
(2), breast (3), colon (4), and bladder
(5). In addition, a recent meta-analysis of
23 studies found diabetes to be associated

(HR) of 1.41 (95% CI 1.28-1.55) among
individuals with cancer (6). Furthermore,
some treatments for diabetes have been im-
plicated in increasing the risk of malignancy
(7). The development of some types of
insulin has been discontinued secondary
to increased mitogenic side effects (8).
The affinity of binding to the IGF-1 receptor
(IGF-1R) has been implicated.
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We and others have shown basal hy-
perinsulinemia to predict type 2 diabetes
(9,10). Further, elevated levels of circu-
lating insulin and C-peptide have been
associated with an increased risk of colo-
rectal and pancreatic cancers (11). Though
the risk of breast cancer was less certain in
the latter study, two recent analyses of the
Women’s Health Initiative found a posi-
tive association between insulin levels
and breast cancer (12,13).

Studies in animals (14-17) and in vi-
tro (18,19) suggest a role for insulin in
tumor progression. Glucose tolerance sta-
tus from 2-h glucose tolerance tests has
been shown to associate with the risk of
cancer mortality (4). However, the effect
of elevated basal insulin on cancer prog-
nosis has not been investigated in vivo.

The current study examined the ef-
fect, up to 29 years later (mean follow-up
time 21.7 = 6.5 years), of elevated levels
of basal insulin on the cumulative inci-
dence of cancer and on cancer survival
in a cohort of the Jewish population, rep-
resenting the four main ethnic origins of
immigration to Israel.

RESEARCH DESIGN AND
METHODS —The current investigation
was based on the Israel Study of Glucose
Intolerance, Obesity and Hypertension
(The Israel GOH Study), an ongoing na-
tionwide longitudinal study, which was
initiated in 1968. The cohort is a random
sample (N = 5,711) drawn in 1967 from
the Israel Central Population Registry,
stratified according to sex, age (subjects
born between 1912 and 1941), and eth-
nicity (European-American, North African,
Yemenite, and Other Middle Eastern).
European-American origin represents
subjects born in Europe or whose ances-
tors came from Europe either directly to
Israel or through America. We note that
the Yemenite population was oversampled
(20). The detailed sampling procedure and
design of this study have been reported
elsewhere (20,21).

Between 1977 and 1982 (baseline),
65.3% of the original 5,711 participants
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were interviewed in their homes. Interviews
were not achieved mainly due to shortage of
funds (17.7%), reported change of address
(7.2%), inability to find a subject at home
(3.1%), death during the mean 10 years of
follow-up (4.1%), and refusals (2.6%). Con-
senting individuals were requested to
attend a neighborhood medical center;
74% consented. Interviews and laboratory
examinations determined weight, height,
blood pressure, smoking status, and 12-h
fasting plasma glucose. After initiation of
this study phase, insulin levels were added
to the tests, and were determined in the
most recent 1,843 participants of the
cohort. The subsample was representa-
tive of the parent group in demographic
characteristics, BMI, and blood pressure
level (20,21).

In the current study, we excluded the
77 individuals who used glucose-lowering
medications at the time of the baseline
basal insulin measurement because such
treatment could confound the association
between basal insulin and cancer inci-
dence. Despite this exclusion criterion,
the fasting plasma glucose values of 19
participants were above 200 mg/dL. These
individuals remained in our analysis be-
cause their basal insulin values were not
confounded by glucose lowering agents;
thus the association between endogenous
insulin and cancer outcome would not be
affected. In total, 65 individuals were diag-
nosed with cancer prior to or 2 years after
the date of the glucose and insulin mea-
surements. To avoid reverse causality, the
main analysis excluded these individuals
and was based on 1,695 participants. An
additional sensitivity analysis, including all
cancer incidents, was performed.

Study nurses measured weight and
height at the homes of the study partici-
pants, using standard calibrated trans-
portable scales and a uniform technique
for measuring height. BMI (weight [kgl/
height [m”]) was calculated. Blood pres-
sure was measured at the participants’
homes on 2 consecutive days; the mean
value was used in the current analysis.
Cigarette smoking, assessed from partici-
pant report, was categorized as past, cur-
rent, or never smoked.

Plasma glucose at baseline was deter-
mined by the routine automated Technicon
AutoAnalyzer 1T method (Technicon In-
struments Corp., Tarrytown, NY), using
potassium ferricyanide reduction. Of note,
this method overestimates glucose levels
by approximately 9% (22). Plasma insulin
at baseline was determined in duplicate
with the Phadebas Radioimmunoassay

kit (Pharmacia Diagnostics Inc., Piscataway,
NJ). The within-assay and between-assay
coefficients of variation were 4% and 8%,
respectively.

Cancer incidence was identified by
linkage of the GOH database with the
Israel National Cancer Registry (INCR),
which was established in 1960. Since
1982, the INCR has received, with high
completeness and by law, reports on all
malignant tumors diagnosed in Israeli
citizens (23). This linkage is possible be-
cause of the allocation of a unique per-
sonal identification number to every
Israel citizen at birth or upon immigration.
Vital status and date of death were ascer-
tained through the National Population
Registry.

Statistical analysis

Basal insulin, the variable of interest, did
not exhibit a normal distribution, despite
performance of logarithmic transformation,
and was therefore categorized in quartiles.
Comparisons of demographic and se-
lected clinical characteristics, according
to quartiles of basal insulin, were performed
using the x” test for categorical variables
and one-way ANOVA for continuous
variables.

Person-years of follow-up were cal-
culated from the date of basal insulin
laboratory test until the date of cancer
diagnosis, death, or last follow-up (December
31, 2005), whichever was earliest. In the
main analysis, subjects diagnosed with
cancer within the first 2 years after base-
line were not included. A subsequent sen-
sitivity analysis was performed including
all cancer incident patients. All and site-
specific cancer incidence density was
calculated per 10,000 person-years. The in-
cidence rate for breast cancer was calcu-
lated among women only and for prostate
cancer among men only. The Cox pro-
portional hazards model, using backward
selection, was used to test the association
of basal insulin and the risk of cancer
development. The covariates included in
the final models were those that showed
statistical significance at a 10% level in the
univariate analysis (age, sex, and origin),
are known to be associated with cancer
(BMI and smoking), or are strongly related
to fasting insulin (fasting blood glucose).
We eliminated the least significant vari-
ables sequentially until all remaining vari-
ables were significant at a 5% level, except
for the variable of interest, fasting insulin.
The assumption of the Cox proportional
hazards model was tested by introducing
time-dependent covariates and multiplying
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each covariate by the time of follow-up.
These terms were nonstatistically sig-
nificant, indicating that the Cox assump-
tion of proportionality over time was met
(P = 0.25 for the incidence of cancer, and
P =0.63 for cancer survival). For subjects
who were diagnosed with cancer, a Kaplan
Meier survival analysis was performed to
estimate the risk for total mortality from
the date of cancer diagnosis. Differences
in cancer survival between quartiles of
basal insulin were tested using the
log-rank test. To assess basal insulin, as
well as other factors that are significantly
and independently associated with can-
cer survival, a methodologically similar
backward Cox proportional hazards model
was used.

The study was approved by the In-
stitutional Review Board of the Sheba
Medical Center. All subjects gave verbal
informed consent, as was accustomed at
that time.

RESULTS —The follow-up period ranged
from 3 to 29 years and comprised 37,276
person-years. At baseline, the mean age of
the total sample was 51.8 = 8.0 years;
50.9% were males, 30.9% active smokers,
and 11.9% reported being former smokers.
Mean BMI was 25.7 * 3.4 for males and
26.4 £ 4.6 for females.

Characteristics of the study cohort
according to basal insulin quartiles at
baseline are presented in the Supplemen-
tary Table 1. Fasting glucose, BMI, and
blood pressure show significantly higher
values with increasing basal insulin
quartiles. The mean plasma level of fast-
ing glucose was less than 100 mg/dL in
the two lower fasting insulin quartiles
and reached 107 mg/dL in the highest
quartile. Yemenites contributed most to
the first basal insulin quartile and least to
the fourth one, whereas the other three
origins showed an opposite trend.

Of the 1,695 individuals in the sam-
ple, 317 (18.7%) developed cancer at
least 2 years after baseline. Table 1 com-
pares characteristics between subjects
who developed cancer during the follow-
up period and those who remained cancer
free. Neither fasting glucose nor basal
insulin levels were associated with cancer
incidence. Male sex conferred increased
risk for cancer incidence, as did greater
age and European-American ethnicity.
Individuals of Yemenite and North African
ethnicity had lower cancer incidence
than did the other ethnic groups. Smoking,
BMLI, and blood pressure levels did not
differ significantly at baseline between
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Table 1—Comparison of demographic and clinical characteristics among individuals
remaining cancer free and those who developed cancer at least 2 years after baseline

Cancer free during

Cancer incident patients at

follow-up least 2 years after baseline P
n 1,378 317
Mean follow-up (years) 233 %55 16.4 £ 6.5 <0.001
Person-time years 32,079 5,197
Basal insulin level (mU/L) 155+ 9.5 15.6 £ 8.5 0.8
Median 13.1 13.7 0.2
Range 0.3-86.8 3.7-54.8 0.8
Fasting glucose level (mg/dL) 101.9 * 22.4 102.8 £ 21.2 0.5
Median 100 100 0.1
Range 56-330 72-288
Male 686 (49.8) 177 (55.8) 0.05
Age (years) 514 + 8.0 53.6 7.7 <0.001
Ethnic origin* <0.001
North Africa 253 (18.4) 43 (13.6)
Yemen 326 (23.7) 47 (14.8)
Middle East 364 (26.5) 81 (25.6)
Europe-America 433 (31.5) 146 (46.1)
Smoking status 0.9
Current 424 (30.8) 100 (31.7)
Former 163 (11.8) 38 (12.0)
BMI (kg/m?)
Male 258 £34 255*+*33 0.4
Female 263 £ 46 269 5.0 0.1
Blood pressure (mmHg)
Systolic 132.7 =214 1344 £20.8 0.2
Diastolic 849+ 117 845+ 103 0.6

Data are mean * SD or n (%) unless otherwise indicated. *Data missing for two individuals.

those who remained cancer free and
those who developed cancer during
follow-up.

In total, 5.5% of the women were di-
agnosed with breast cancer, 4.2% of the
men with prostate cancer, 2.6% of all the
participants with colorectal cancer, and
1.5% with bladder cancer (not shown).
Table 2 presents cancer incidence density
per 10* person-years of selected sites by
fasting insulin quartiles. No differences in
site-specific cancer incidence density
were noted according to fasting insulin
quartiles. The all-site adjusted HR of can-
cer incidence, comparing the highest in-
sulin quartile to the other three quartiles,
was 1.09 (95% CI 0.85-1.40), adjusted
for age, sex, and ethnicity. Older age,
male sex, and European-American coun-
try of origin were found to be significantly
associated with cancer incidence. BMI,
smoking, and fasting blood glucose did
not remain in the final model because
they were not statistically significant.
The association between basal insulin
and cancer incidence did not change
(1.11 [0.86-1.44]) when the 17 patients
who developed cancer within the first 2

years of follow-up were included. A non-
statistically significant increased HR of
35% (0.72-2.54) was also observed for
breast cancer.

Figure 1 presents the age-adjusted cu-
mulative survival of the 317 individuals
who were diagnosed with cancer during
the 3-29 year follow-up according to basal
insulin quartiles. The median survival time
of the fourth quartile was 3 years (95% CI
2-10) compared with 6 years (3-8) in the
first three quartiles (P = 0.2).

Table 3 presents a Cox proportional
hazards model of mortality for cancer pa-
tients according to insulin quartiles. No
differences were observed in HRs be-
tween the first three quartiles of basal in-
sulin. The upper quartile of fasting insulin
(=18.3 mU/L) confers a 37% increased
hazard for total mortality compared with
the other three quartiles (P = 0.097), ad-
justing for age, sex, and ethnic origin.
Male sex (HR 1.79 [95% CI 1.2-2.51]),
older age at cancer diagnosis (an addi-
tional 3% increased risk for every year
of age), and North African origin were
significantly associated with increased
risk for all-cause mortality. BMI and

smoking were not found to be signifi-
cantly associated with overall survival,
controlling for the other covariates in
the final model.

In a subsequent subanalysis, which
included cancer events diagnosed within
the first 2 years of follow-up, the HR of the
fourth quartile, compared with the other
three combined, was 1.41 (95% CI 0.98—
2.03, P =0.066).

CONCLUSIONS—In this follow-up
of up to 29 years of a multiethnic cohort
with 37,276 person-years accumulated,
basal insulin in the upper quartile of non-
diabetic individuals did not confer a risk
for total cancer incidence. Higher breast
cancer incidence rates were observed in
the two upper quartiles of basal insulin.
Among those who developed cancer,
basal insulin in the upper quartile—assessed
at least 2 years prior to diagnosis—was
associated with increased total mortality;
statistical significance was borderline. In
the absence of cause-specific mortality,
we used total mortality as a surrogate
for cancer mortality. Our data thus sug-
gest that hyperinsulinemia may be a
prognostic factor in cancer patients. The
lack of statistical significance for the 37%
increased risk of mortality conferred
by basal insulin in the upper quartile may
be due to the relatively limited number of
cancer patients.

Many theories have been hypothe-
sized to explain the significant risk of
malignancy associated with diabetes.
Erickson et al. (24) recently demonstrated
an association between chronic hypergly-
cemia and overall survival of early stage
breast cancer. According to the Warburg
effect, malignant cells rely on aerobic gly-
colysis in contrast to normal cells, which
use oxidative phosphorylation to generate
energy (25). An environment rich in glu-
cose and insulin could therefore promote
malignant potential in cells.

Possible means by which hyperinsu-
linemia could affect cancer progression
include enhancing tumor aggressiveness
(6,26), decreasing resistance to a tumor
(26), and decreasing the effectiveness of
medications. It has been suggested that
insulin cannot be considered a carcino-
gen because it does not induce somatic
cell mutations (27). However, insulin
may be one of a number of interacting
factors that determine whether premalig-
nant lesions, which may be present
in a high proportion of healthy individu-
als, progress to invasive metastatic fatal
cancers.
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Table 2—Cancer incidence density (per 10* person-years) of selected sites and HR (95% CI) for cancer events among 1,695 men
and women according to quartiles of plasma values of basal insulin* (1, lowest quartile; 4, highest quartile)

HR (95% CI) of insulin Q4

Total Q1 Q2 Q3 Q4 compared with Q1-Q3*

n 1,695 425 429 420 421

Person-years of follow-up 37,276 9,414 9,670 9,077 9,115

Incident density per 10* person-years

All sites 85.0 77.5 79.6 90.3 93.3 1.09 (0.85-1.40)

Breast (women) 243 21.8 14.6 299 31.7 1.35 (0.72-2.54)
Prostate (men) 19.6 13.7 30.7 20.5 13.6 0.58 (0.24-1.40)
Colon/rectum 11.8 12.7 11.4 13.2 9.9 0.82 (0.39-1.72)
Pancreast 2.2 [1.1] 3.1 [1.1] 3.3 1.87 (0.44-7.93)
Bladder 6.7 4.2 11.4 55 5.5 0.70 (0.26-1.87)

Q, quartile. *Adjusted for age, sex (except for breast and prostate cancers), and ethnicity. TRates in brackets are based on one event.

IGF acts synergistically with other
hormones, such as insulin and estradiol,
and with other risk factors for cancer;
circulating IGF-1 levels are inversely cor-
related with age (28,29). Endogenous es-
tradiol enhances the stimulatory action of
IGF-1 in breast cells (30). Insulin increases
the bioavailability of IGF-1 by enhanc-
ing its synthesis and by inhibiting the
production of its plasma carriers IGF
binding protein (IGFBP) -1 and IGFBP-2
in the liver and in other tissues (31,32).
Furthermore, insulin and IGF-1 both
stimulate the synthesis of sex steroids
and inhibit the synthesis of their plasma
carriers, thus enhancing the bioavail-
ability of sex hormones (31). Mechanisms

100

80

60

CUMULATIVE SURVIVAL %

for an association between hyperinsuline-
mia and cancer progression have been
demonstrated in animal models. Exogenous
insulin has long been known to increase
tumor growth in rats (14). Recently, insulin-
sensitizing treatment was shown sufficient
to abrogate mammary tumor progression
in mice (17).

Cannata et al. (32) summarized the
mitogenic effects of insulin through dif-
ferent pathways associated with the insu-
lin receptor (IR). The IR has two isoforms:
IR-A and IR-B. Although both bind insu-
lin, IR-A also binds to IGF-1, which is a
powerful stimulator of cell proliferation
(33) and also a mediator of antiapoptotic
and mitogenic effects. Enhanced IR

Insulin Q1—=-Q3

40
-~ -
20 Insulin Q4
0 T T T T T 1 T T T T T
0 2 4 6 8 10 12 14 16 18 20

Time (years)

Figure 1—Age-adjusted cumulative survival among cancer incident patients by basal insulin.
The curves represent the cumulative survival of cancer incident patients over 18 years of follow-up
according to baseline basal insulin in the lower three quartiles (Q1-Q3) and the upper quartile

Q.

expression is common in cancer, partic-
ularly IR-A (33). Biological plausibility
and correlative studies in humans imply
that insulin may, via its receptors, influ-
ence for example breast cancer risk and
progression. IR level was assessed as
more than six times higher in malignant
breast tissue as in healthy breast tissue,
with positive correlation to tumor size
and histological grading (34). Cancer
cells appear to lose their ability to down-
regulate IRs in response to hyperinsuline-
mia (19).

IR and IGF-1R share a high degree of
homology and thus can form hybrid re-
ceptors. With a higher affinity for IGF-1
than for insulin, hybrid receptors act
more like IGF-1R than IR. IGF-1R medi-
ates body growth through the effects of
IGF-1 on cell proliferation, differentia-
tion, and apoptosis. Insulin decreases
IGFBP-1, and perhaps also IGFBP-2 (35).
The result is increased free IGF-1, the
biologically active form of the growth
factor.

Importantly, the effects of hyperinsu-
linemia may occur through less direct
means. Both insulin activation of the
inflammatory system and enhancement
of adiposity can induce insulin resistance,
which may then promote cancer devel-
opment and progression (27). BMI in the
current study was associated with basal
insulin quartiles but did not differ be-
tween those who developed cancer and
those who remained cancer free.

As in ours, other studies have found
increased cancer incidence in men, as
well as increased mortality. A large study
found a stronger association between the
metabolic syndrome and colorectal cancer
in men than in women (36). However, as
in our study, menopausal status of
women or the use of hormone replacement

care.diabetesjournals.org
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Table 3—Cox proportional hazards model of factors affecting overall survival of cancer

patients
Reference HR 95% CI P

Basal insulin, quartile 4 Quartiles 1-3 1.37 0.94-2.00 0.097
Sex, male Female 1.79 1.27-2.51 0.008
Age at cancer diagnosis 1-Year increments 1.03 1.01-1.05 0.01
Ethnicity European Americans

North Africans 2.26 1.43-3.57 0.001

Yemenites 1.54 0.95-2.49 0.08

Middle Eastern 1.24 0.82-1.88 0.3

therapy was not considered. Perhaps a pro-
tective effect of estrogen or progesterone
masks the true effects of the metabolic syn-
drome on colorectal cancer development.
In our study, incidence of colorectal cancer
in men was 3.0% (26 patients) and in
women, 2.2% (18 patients); yet the HR
for colorectal cancer among men who be-
longed to the upper insulin quartile during
baseline was lower than in women, with
age- and ethnicity-adjusted HRs of 0.73
(95% CI 0.27-1.95) and 0.86 (0.28-
2.66), respectively. High circulating levels
of insulin reduce hepatic synthesis and re-
lease of sex hormone-binding globulin,
thus increasing levels of bioavailable estro-
gen in both sexes and of bioavailable tes-
tosterone in women but not in men. Insulin
promotes androgen synthesis in the ovaries
(and possibly the adrenal glands) in
women before menopause, and elevated
androgynous sex steroid levels are associ-
ated with increased risk of breast and en-
dometrial cancer in postmenopausal
women. Likewise, a recent study provided
evidence for involvement of estrogen and
androgen signaling in the etiology of co-
lorectal cancer (37). Our study population
demonstrated a nonstatistically significant
lower risk of prostate cancer, consistent
with the theory that increased circulating
insulin levels in men decrease circulating
testosterone. Despite previous studies
demonstrating an increased risk of blad-
der cancer in association with diabetes (5),
our study showed a nonstatistically signif-
icant lower risk of bladder cancer.

In the current study, baseline glucose
was found to associate with insulin quar-
tiles, but not with cancer incidence. In a
previous publication, which studied the
same cohort 10 years earlier (38), we
reported a modest association between
glucose intolerance or type 2 diabetes
and 20-year cancer incidence (HR 1.32
[95% CI 0.96-1.81] and HR 1.24 [95%
CI10.96-1.62] for glucose intolerance and
diabetes, respectively).

We cannot exclude the possibility of
hyperinsulinemia being a risk factor for
total mortality due to noncancer-related
effects, such as coronary heart disease
(39). Though the lack of data for cancer-
specific mortality is a limitation of this
study, cause-specific mortality statistics
have limitations, such as underestimation
of cancer as the cause of mortality (40).

Although we excluded from the study
individuals who used glucose-lowering
medications, some nonpharmacologically
treated individuals with diabetes may have
remained in the cohort.

The lack of data on hormone replace-
ment therapy and C-peptide are other
limitations of this study. Information re-
garding hormone replacement therapy
was not available in the study database.
It is noteworthy that baseline period was
1980, a time when this treatment was not
yet common in Israel. C-peptide, which is
secreted simultaneously and in equimolar
quantities with insulin but has a longer
plasma half-life, may provide a more ef-
fective index of insulinemia—one that is
less subject to individual variation (27).
In a recent meta-analysis, C-peptide was
the most common marker of insulin levels
in epidemiological studies. Assessment of
fasting insulin, measured at baseline in
the current study, was rarely investigated
in recent years (11).

The long-term follow-up is a strength
of this study, as is the availability of data
on cancer incidence and not just mortal-
ity. Of importance, the INCR is a highly
validated data source that undergoes pe-
riodic quality assurance testing (23). In
contrast, other studies often use cancer
mortality to determine cancer incidence.
Further, basal insulin was measured di-
rectly, as compared with studies that have
assessed a cluster of markers associated
with hyperinsulinemia and insulin resis-
tance, without directly measuring insulin.

Although the impact of hyperinsuli-
nemia on the progression of dysglycemia

has recently become a popular subject of
research, the impact of hyperinsulinemia
on cancer incidence and prognosis has
been less investigated. This long-term
study suggests that elevated levels of basal
insulin, presenting many years prior to
cancer diagnosis, may impact prognosis
in cancer patients.
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