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OBJECTIVE — Individuals with type 2 diabetes are particularly vulnerable to cardiovascular
disease. Insulin resistance is a major determinant of this increased risk and is a potential thera-
peutic target. This study was undertaken to establish the natural biological variation of insulin
resistance in individuals with type 2 diabetes.

RESEARCH DESIGN AND METHODS — The biological variation of insulin resistance
was assessed by measuring insulin resistance at 4-day intervals on 10 consecutive occasions in 12
postmenopausal women with diet-controlled type 2 diabetes and in 11 weight- and age-matched
postmenopausal women without type 2 diabetes. Insulin resistance was derived using the ho-
meostasis model assessment for insulin resistance (HOMA-IR) method.

RESULTS — The distribution of HOMA-IR was log Gaussian in the type 2 diabetic study
group and Gaussian in the control group. The HOMA-IR in the type 2 diabetic group was
significantly greater than that of the control group (mean = SD:4.33 = 2.3 vs. 2.11 = 0.79 units,
P =0.001). After accounting for analytical variation, the mean intraindividual variation was also
substantially greater in the type 2 diabetic group than in the control group (mean 1.05 vs. 0.15,
P = 0.001). Consequently, at any level of HOMA-IR, a subsequent sample must increase by
>90% or decrease by >47% to be considered significantly different from the first.

CONCLUSIONS — HOMA-IR is significantly greater and more variable for individuals with
type 2 diabetes. Therefore, this inherent variability needs to be accounted for in studies evalu-
ating therapeutic reduction of HOMA-IR in this group.
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ardiovascular disease is the leading

cause of mortality in type 2 diabetes,

accounting for ~70-75% of all
deaths (1). Through an impaired biologi-
cal response to insulin, insulin resistance
underpins the development of type 2 di-
abetes, and in the presence of a cluster of
atheromatous risk factors comprising hy-
pertension, low HDL cholesterol, raised
triglyceride levels, hyperinsulinemia, and
dysglycemia, it has been proposed to ex-

plain the increased vascular risk associ-
ated with type 2 diabetes (2). Therapeutic
reduction of insulin resistance has been
shown to improve glycemic control (3,4)
and has the potential to favorably modify
other components of the insulin resis-
tance syndrome, thereby reducing the
long-term cardiovascular sequelae. Cur-
rently, however, there is no data on the
biological variability of insulin resistance
for individuals with type 2 diabetes, infor-
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mation that is essential for assessing the
benefit from any therapeutic interven-
tion. This study was therefore undertaken
to establish whether insulin resistance in
individuals with type 2 diabetes remains
within narrow biological limits or varies
more widely over a given time period.

RESEARCH DESIGN AND
METHODS

Subjects

A total of 12 Caucasian postmenopausal
women with diet-controlled type 2 diabe-
tes (median age 62 years, range 50-73)
and 11 healthy, weight-matched, Cauca-
sian postmenopausal control women
(median age 56 years, range 48-70) with
normal (<6 mmol/l) fasting blood glu-
cose levels participated in the study. For
the subjects with diabetes the diagnosis
was based on a fasting venous plasma glu-
cose concentration >7.0 mmol/l or a 2-h
postprandial concentration >11.1
mmol/l after a 75-g oral glucose tolerance
test. Women were considered postmeno-
pausal if they had amenorrhoea for >1
year and follicle-stimulating hormone
levels >20 1U/L. Exclusion criteria in-
cluded any secondary cause of hyper-
glycemia, current or previous (in the
preceding 6 months) use of estrogen
therapy, treatment with insulin or oral hy-
poglycemic agents, untreated hypothy-
roidism, history of drug or alcohol abuse,
and smoking. Subjects on medication un-
related to diabetes took their medication
as usual with no changes reported during
the sampling period. All subjects were
asked to have an unrestricted diet and in-
structed not to modify their eating pat-
terns during the period of sampling. The
subjects were also advised to refrain from
excessive physical exercise and alcohol
before each fasting blood test. Fasting
plasma glucose, age, BMI, and current
smoking status were obtained. The BMIin
the group with type 2 diabetes (median
31.6, range 25.1-35.7) was similar (P =
0.651) to that in the control group (32.0,
26.6-44.4). Fasting venous blood was
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Table 1—Clinical and biochemical characteristics study participants of subjects

Type 2 diabetic patients Control subjects P
n 12 11
Age (years) 61.7 7.0 56.2 £ 6.1 NS
Weight (kg) 775+ 8.1 799 + 134 NS
BMI (kg/m?) 31.1+33 324+53 NS
Fasting glucose (mmol/1) 7.6*23 5.0*0.5 <0.001
Fasting insulin (wU/ml) 13.0 5.6 04+*34 <0.001

Data are means * SD.

collected after a 5-min period of rest into
serum gel tubes (Becton Dickinson, Ox-
ford, U.K.) and one fluoride oxalate tube
at the same time each day (0800-0900)
on 10 consecutive occasions at 4-day in-
tervals. Samples were separated by cen-
trifugation at 2000g for 15 min at 4°C,
and two aliquots of the serum were stored
at —20°C within 1 h of collection. Plasma
glucose was analyzed in singleton within
4 h of collection. The serum samples were
split before assay. All subjects gave their
informed written consent before entering
the study, which had been approved by
the Hull and East Riding Local Research
Ethics Committee.

Reagents

Serum insulin was assayed using a com-
petitive chemiluminescent immunoassay,
supplied by Euro/DPC, Llanberis, U.K.
The assay was performed on a DPC Im-
mulite 2000 analyzer (Euro/DPC, Llan-
beris, U.K.) using the manufacturer’s
recommended protocol. The coefficient
of variation of this method was 10.6%,
calculated using the study samples. The
analytical sensitivity was 2 uU/ml, and
there was no stated cross-reactivity with
proinsulin. Plasma glucose was measured
using a Synchron LX 20 analyzer (Beck-
man-Coulter, High Wycombe, U.K.) us-
ing the manufacturer’s recommended
protocol. The coefficient of variation for
this assay was 1.2% at a mean glucose
value of 5.3 mmol/l during the study pe-
riod. Before analysis, all of the serum sam-
ples were thawed and thoroughly mixed.
The duplicate samples (i.e., two per visit)
were randomized and analyzed in a single
continuous batch using a single batch of
reagents.

Statistical analysis

Statistical analysis was performed using
SPSS for Windows NT, version 9.0 (SPSS,
Chicago, IL). Insulin resistance was calcu-

lated using the homeostasis model assess-
ment for insulin resistance (HOMA-IR)
method (HOMA-IR = [insulin X glu-
cosel/22.5) (5). Biovariability data were
analyzed by calculating analytical,
within-subject, and between-subject vari-
ances (SD,2, SD,2, and SD.2, respec-
tively) according to the methods of Fraser
and Harris (6). By this technique, analyt-
ical variance (SD,2) was calculated from
the difference between duplicate results
for each specimen (SD,2 = 3d°/2N,
where d is the difference between dupli-
cates, and N is the number of paired re-
sults). The variance of the first set of
duplicate results for each subject on the
10 assessment days was used to calculate
the average biological intraindividual
variance (SD;2) by subtraction of SD,2
from the observed dispersion (equal to
SD,2 + SD,2). Subtracting SD;2 + SD,2
from the overall variance of the set of the
first results determined the interindi-
vidual variance (SD2). The standard de-
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viation of intraindividual (SD,) and
interindividual (SDg,) variations was esti-
mated as square roots of the respective
variance component estimates. The refer-
ence change value or critical difference
between two consecutive HOMA-IR sam-
ples in an individual subject with type 2
diabetes was calculated using the formula
2.77(CV)), where CV, is the within sub-
ject biological coefficient of variation (6).

RESULTS — The clinical and bio-
chemical details of the individual subjects
are shown in Table 1. The distribution of
HOMA-IR was found to be log Gaussian
(by Kolmogorov-Smirnov) in the type 2
diabetic group and Gaussian in the con-
trol group. Figure 1 shows the mean and
range of insulin resistance for the individ-
uals in the two groups.

The HOMA-IR in the group with type
2 diabetes was greater than that in the
control group (4.33 £2.3vs.2.11 =0.79
units, P = 0.001 using the Mann-
Whitney U test). For the group with type
2 diabetes, the analytical variance con-
tributed to 1.5% of the total test variance,
19.2% of the intraindividual variance,
and 79.3% of the interindividual vari-
ance. For the control group, the analytical
variance contributed to 2.5% of the total
test variance, 23.7% of the intraindividual
variance, and 73.8% of the interindi-
vidual variance. After accounting for
analytical variation (following log trans-
formation of the type 2 diabetes data), the
mean intraindividual variation was sub-
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Figure 1—Means (range) of HOMA-IR in control subjects and postmenopausal women with type

2 diabetes.
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HOMA-IR in postmenopausal women

stantially greater in the group with type 2
diabetes than in the control group (mean
1.05 vs. 0.15, P = 0.001). The critical
difference between two consecutive
HOMA-IR samples in an individual pa-
tient with type 2 diabetes, calculated us-
ing the formula 2.77(CV)) (6) on the log-
derived data, was —47% or +90% of any
initial level of insulin resistance. This in-
dicates that a subsequent sample must in-
crease by >90% or decrease by >47% to
be considered significantly different from
the first.

CONCLUSIONS — This is the first
study to show that the intraindividual
variation in HOMA-derived insulin resis-
tance is much greater in individuals with
type 2 diabetes than in nondiabetic indi-
viduals. In accord with previous studies,
the absolute HOMA-IR in individuals
with type 2 diabetes was also significantly
greater than in weight-matched individu-
als without type 2 diabetes (7,8). How-
ever, for the subjects with type 2 diabetes,
there was a wide degree of variation in the
value of HOMA-IR, both as a group and
within each individual comprising the
group, i.e., the interindividual and intra-
individual variation were high. Con-
versely, for the group without type 2
diabetes, the HOMA-IR remained within
anarrow range over a period of time both
for the group as a whole and for each in-
dividual within the group, i.e., the inter-
individual and intraindividual variation
were relatively low. Therefore, the high
degree of intraindividual variability of
HOMA-IR seen in individuals with type 2
diabetes means that a change in two single
measurements of HOMA-IR in the same
subject may be more a consequence of
biological variation than any treatment ef-
fect. Because of the log Gaussian distribu-
tion of insulin resistance in the group with
type 2 diabetes, the values must increase
by >90% or decrease by >47% before a
significant critical difference can be assured.

Until now, there has been no data for
the biological variability of insulin resis-
tance in individuals with type 2 diabetes.
In healthy individuals, insulin sensitivity
doesnot appear to have seasonal variation
(9), and measurement of insulin-
mediated glucose disposal has been
shown to be stable over time (10). The
intraindividual variation of fasting glu-
cose and insulin has previously been eval-
uated in healthy volunteers (11) and in
subjects with type 2 diabetes (12). Mooy

et al. (12) analyzed data from two 75-g
oral glucose tolerance tests performed
2—6 weeks apart during the Hoorn study,
a cross-sectional population-based survey
on glucose tolerance in Dutch Caucasians
aged 5074 years without a history of di-
abetes. The intraindividual variation was
assessed by the standard deviation of the
test-retest difference. The subgroup of in-
dividuals subsequently diagnosed to have
type 2 diabetes showed greater total intra-
individual variation in both fasting glu-
cose and fasting insulin than the group
with normal glucose tolerance. In accord
with our data, they found that the biolog-
ical variation of the measured analytes
(glucose and insulin) accounted for most
of the intraindividual variation seen with
analytical variation, only providing a
small contribution to the total variation
observed. This means that in their study,
as in ours, the variation observed would
not be significantly altered, even with im-
proved measurement techniques.

A diurnal variation in insulin sensitiv-
ity is known to occur (13,14), and circa-
dian neuroendocrine rhythms of gluco-
corticoids and prolactin have been impli-
cated in day-to-day variation in insulin
sensitivity (15). However, these influ-
ences were accounted for here, as the
samples were collected at the same time of
day to eliminate variations caused by cir-
cadian rhythms. Sex hormones, sex hor-
mone-binding globulin, and androgens
are known to influence an individuals in-
sulin resistance (16—-18), and variations
in these hormones either by themselves or
in various ratios could have an influence
on the variability of the calculated insulin
resistance. However, this study was not
powered to assess this relation, and fur-
ther studies are needed for clarification.
Interestingly, we observed that the intra-
individual variance of HOMA-IR increased
linearly with increasing HOMA-IR values
for both the control subjects (r = 0.84,
P = 0.001) and the group with type 2
diabetes (r = 0.60, P = 0.039), suggest-
ing a direct relation between insulin resis-
tance and the degree of variability present
in both health and disease. Additional
confounding factors to be considered in a
study such as ours are the recognized in-
fluence of age, BMI, ethnicity, and meno-
pausal status and the concomitant use of
estrogen replacement therapy in individ-
uals insulin resistance (19-24). To ac-
count for this, the two groups in this
study were closely matched for age,

menopausal status, and BMI; all subjects
were Caucasian; and no subject in either
group had been on estrogen replacement
therapy for at least 6 months before the
study.

The strong correlation previously
shown between HOMA and other meth-
ods to determine insulin resistance, such
as insulin clamps or intravenous glucose
tolerance tests (5,8,25), would suggest
that the biological variation in HOMA-IR
seen here may also be present when insu-
lin resistance is determined by other as-
sessment methods and, indeed, the very
low biological variability in HOMA-IR
seen in postmenopausal women without
type 2 diabetes would indicate that the
wider biological variation seen in the
group with type 2 diabetes is real rather
than a methodological flaw with the
HOMA method. Although the variability
of HOMA-IR determined here cannot be
directly extrapolated to insulin resistance
per se, this data highlights the need for
further studies (by clamp or other means)
to either confirm or refute the HOMA
findings. If found to be the case, then this
may have implications for the correct in-
terpretation of studies involving interven-
tion in individual subjects.

The reasons for using the HOMA
model in this study were twofold. First, it
is the technique most likely to be used in
clinical practice. Second, the 10 consecu-
tive measurements required over the 36-
day sampling period using other more
labor intensive and invasive techniques,
such as hyperinsulinemic-euglycemic
clamps or intravenous glucose tolerance
tests, were considered unsuitable for hu-
mans in view of the potential associated
complications, such as thrombophlebitis,
from repetition of these invasive methods.

In conclusion, we have found that in-
sulin resistance measured using the
HOMA model is greater and has more in-
trinsic variability in individuals with type
2 diabetes compared with those without.
Whereas the reasons for this high inher-
ent variability remain speculative, it
nonetheless needs to be accounted for in
studies of insulin resistance for individu-
als with type 2 diabetes.

References
1. Counting the cost. In The Real Impact of
Non Insulin Dependant Diabetes. A kings
Fund Report commissioned by the British
Diabetes Association. London, The Kings

2024

DiaBETES CARE, VOLUME 25, NUMBER 11, NOVEMBER 2002

20z ludy 01 uo 3sanb Aq ypd-zz020020 | LOP/L0888S/220T/ L L/ST/HPd-BI0IE/1BD/LI0O" IIBYIISA|IS EPE//:d)Y WOl papeojumoq



Fund Policy Institute, 1996

. Reaven GM: Banting Lecture 1988: role of
insulin resistance in human disease. Dia-
betes 37:1595-1607, 1988

. Kipnes MS, Krosnick A, Rendell MS, Egan
JW, Mathisen AL, Schneider RL: Pioglita-
zone hydrochloride in combination with
sulfonylurea therapy improves glycemic
control in patients with type 2 diabetes
mellitus: a randomized, placebo-con-
trolled study. Am J Med 111:10-17, 2001
. Fonseca V, Rosenstock J, Patwardhan R,
Salzman A: Effect of metformin and ros-
iglitazone combination therapy in pa-
tients with type 2 diabetes mellitus: a
randomized controlled trial. JAMA 283:
1695-1702, 2000

. Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Turner RC: Ho-
meostasis model assessment: insulin re-
sistance and beta-cell function from
fasting plasma glucose and insulin con-
centrations in man. Diabetologia 28:412—
419, 1985

. Fraser CG, Harris EK: Generation and ap-
plication of data on biological variation in
clinical chemistry. Crit Rev Clin Lab Sci 27:
409-437, 1989

. Stoney RM, ODea K, Herbert KE,
Dragicevic G, Giles GG, Cumpston GN,
Best JD: Insulin resistance as a major de-
terminant of increased coronary heart dis-
ease risk in postmenopausal women with
type 2 diabetes mellitus. Diabet Med 18:
476-482, 2001

. Bonora E, Targher G, Alberiche M, Bona-
donna RC, Saggiani F, Zenere MB,
Monauni T, Muggeo M: Homeostasis
model assessment closely mirrors the glu-
cose clamp technique in the assessment of
insulin sensitivity: studies in subjects with
various degrees of glucose tolerance and
insulin sensitivity. Diabetes Care 23:57—
63,2000

10.

11.

12.

13.

14.

15.

16.

17.

. Gravholt CH, Holck P, Nyholm B, Chris-

tiansen E, Erlandsen M, Schmitz O: No
seasonal variation of insulin sensitivity
and glucose effectiveness in men. Metab-
olism 49:32-38, 2000

Facchini F, Humphreys MH, Jeppesen J,
Reaven GM: Measurements of insulin-
mediated glucose disposal are stable over
time. J Clin Endocrinol Metab 84:1567—
1569, 1999

Godsland IF: Intra-individual variation:
significant changes in parameters of lipid
and carbohydrate metabolism in the indi-
vidual and intra-individual variation in
different test populations. Ann Clin Bio-
chem 22:618-624, 1985

Mooy JM, Grootenhuis PA, de Vries H,
Kostense PJ, Popp-Snijders C, Bouter LM,
Heine RJ: Intra-individual variation of
glucose, specific insulin and proinsulin
concentrations measured by two oral glu-
cose tolerance tests in a general Caucasian
population: the Hoorn Study. Diabetolo-
gia 39:298-305, 1996

Jarrett RJ, Baker IA, Keen H, Oakley NW:
Diurnal variation in oral glucose toler-
ance: blood sugar and plasma insulin lev-
els morning, afternoon, and evening. BMJ
1:199-201, 1972

Bolli GB, Gerich JE: The “dawn phenom-
enon”. a common occurrence in both
non-insulin-dependent and insulin-de-
pendent diabetes mellitus. N Engl ] Med
310:746-750, 1984

Van Cauter E, Polonsky KS, Scheen AJ:
Roles of circadian rhythmicity and sleep
in human glucose regulation. Endocr Rev
18:716-738, 1997

Godsland IF, Walton C, Felton C, Prou-
dler A, Patel A, Wynn V: Insulin resis-
tance, secretion, and metabolism in users
of oral contraceptives. J Clin Endocrinol
Metab 74:64-70, 1992

Nestler JE: Sex hormone-binding globu-

18.

19.

20.

21.

22.

23.

24.

25.

Jayagopal and Associates

lin: a marker for hyperinsulinemia and/or
insulin resistance? J Clin Endocrinol Metab
76:273-274,1993

Polderman KH, Gooren L], Asscheman H,
Bakker A, Heine RJ: Induction of insulin
resistance by androgens and estrogens.
J Clin Endocrinol Metab 79:265-271, 1994
Broughton DL, Taylor R: Review: deterio-
ration of glucose tolerance with age: the
role of insulin resistance. Age Ageing 20:
221-225,1991

Stout RW: Insulin and atheroma: 20-yr
perspective. Diabetes Care 13:631-654,
1990

Ferrannini E, Haffner SM, Mitchell BD,
Stern MP: Hyperinsulinaemia: the key
feature of a cardiovascular and metabolic
syndrome. Diabetologia 34:416-422,
1991

Aguirre MA, Jones CN, Pei D, Villa ML,
Reaven GM: Ethnic differences in insulin
resistance and its consequences in older
Mexican American and non-Hispanic
white women. | Gerontol A Biol Sci Med Sci
52:M56-M60, 1997

Espeland MA, Hogan PE, Fineberg SE,
Howard G, Schrott H, Waclawiw MA,
Bush TL, the PEPI Investigators: Effect of
postmenopausal hormone therapy on
glucose and insulin concentrations. Dia-
betes Care 21:1589-1595, 1998
Cagnacci A, Soldani R, Carriero PL, Pa-
oletti AM, Fioretti P, Melis GB: Effects of
low doses of transdermal 17 beta-estra-
diol on carbohydrate metabolism in post-
menopausal women. J Clin Endocrinol
Metab 74:1396-1400, 1992

Hanson RL, Pratley RE, Bogardus C,
Narayan KM, Roumain JM, Imperatore G,
Fagot-Campagna A, Pettitt DJ, Bennett
PH, Knowler WC: Evaluation of simple
indices of insulin sensitivity and insulin
secretion for use in epidemiologic studies.
Am ] Epidemiol 151:190-198, 2000

DiaBETES CARE, VOLUME 25, NUMBER 11, NOVEMBER 2002

2025

20z ludy 01 uo 3sanb Aq ypd-zz020020 | LOP/L0888S/220T/ L L/ST/HPd-BI0IE/1BD/LI0O" IIBYIISA|IS EPE//:d)Y WOl papeojumoq



