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ABSTRACT
Background: Few data have been published on the association of
vari ables of the insulin resistance syndrone and serum tot al
honocysteine (tHcy), a putative risk factor for cardi ovascul ar
nmorbidity, in representative sanples of total populations or in
Hi spani c Anmeri cans.
Obj ective: To describe the distributions of serumtHcy
concentration and vari ables associated with insulin resistance in
Mexi can American nmen and to assess their association.
Desi gn: Cross-sectional survey of a large national sanple, the
Third National Health and Nutrition Exam nation Survey.
Partici pants: Mexican American nmen aged 40-74 years.
Measur enents: d ycated henogl obin, body nmass index (BM), body
fat distribution, HDL chol esterol, fasting seruminsulin, serum
triglycerides and serumtHcy concentrations.
Resul ts: Curul ative distributions of serumtHcy shifted to the
right wth increasing age. Log serumtHcy was not associ ated
wi th preval ence of diagnosed di abetes nellitus or glycated
henogl obi n percent or other risk factors other than age. Log
serum tHcy concentrati on showed borderline significant (p=0.049)
positive association with fasting seruminsulin concentration
i ndependent of age and BM, only in nen aged 60-74.
Concl usi on: No consistent association of tHcy with di abetes
preval ence or variables of the insulin resistance syndrone were

found in Mexican American nen aged 40-74 years. Further research



i s needed on the associations of serumtHcy concentration with
insulin resistance and ot her conponents of the insulin resistance

syndronme in persons of varying ethnicity.
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| NTRODUCTI ON

A nunber of previous studies have yielded conflicting
results as to whether serumtotal honocysteine concentration
(tHcy) is associated with diabetes nellitus or with variabl es of
the insulin resistance syndrome (1-15). In order to test the nul
hypot hesis that type Il diabetes and vari abl es conprising the
insulin resistance syndrone are not significantly associated with
t Hcy concentration i ndependent of ethnicity, and age, data from
the Third National Health and Nutrition Exam nation Survey
(NHANES 111) were exam ned. Mexican Anericans were sel ected for
study because of the reported higher preval ence of diabetes,
insulin resistance and obesity conpared to non-Hi spanic whites or
bl acks (16, 17). Levels of tHcy were |l ower in Mexican Americans
than in non-H spanic whites in NHANES Il (9, 18). The study was
restricted to nmen to elimnate the possibility of confounding by
gender, pregnancy, nenopause, parity or femal e hornone use (19).
The study was restricted to persons older than 40 and younger
than 75 years because that was the sub-sanple that had an oral

gl ucose tolerance test in NHANES I11.

METHODS
The Third National Health and Nutrition Exam nation
Survey (NHANES I11) was conducted in 1988-1994 on a nati onw de
mul ti-stage probability sanple of approxi mately 40,000 persons

fromthe civilian, non-institutionalized popul ati on aged 2 nont hs



and over of the United States excluding reservation | ands of
Anmerican Indians. O these, 31,311 were exam ned. SerumtHcy was
measured only in the second half of the survey (Phase I1), itself
a representative sanple of the U S. popul ation. The anal yses of
serumtHcy concentration in this report are restricted to 560
Mexi can Anerican men aged 40-74 years examined with valid serum
tHcy and data on history of doctor diagnosed di abetes nmeasured in
the survey. The anal yses of serumtHcy and fasting seruminsulin
are restricted to 186 nen examned in the norning after fasting 9
to 24 hours with valid serumtHcy and insulin data, no history of
di abetes, and not taking insulin or oral hypoglycem c agents.
Nunbers of persons in various correlation and regression anal yses
that follow may vary slightly due to differing nunbers with
m ssi ng val ues on selected other variables. Details of the plan,
sanpling, operation and response have been published as have
procedures used to obtain infornmed consent and to maintain
confidentiality of information obtained (20, 21).

Denogr aphi ¢ data, nedical history including doctor-
di agnosed di abetes nellitus, and behavioral infornmation was
collected prior to the exam nation by household interview US
O fice of Managenent and Budget race categories and Mexican
American ethnicity were determned by self report (20).
Exam nations were carried out in a nobile exam nation center.
Bl ood sanples were obtained at the exam nation center. Blood in

a red-top Vacutai ner tube was allowed to stand for 45 mn at room



tenperature to allow conplete clotting and clot retraction.
Sanpl es were centrifuged at 1500 x g for 30 mn at 4 degrees
Cel sius. Sanples were frozen at -20 degrees Celsius. Vitamn
B12 and folate in serumand folate in red blood cells were
measured by the Division of Environnental Health Laboratory
Sci ences, National Center for Environnental Health, Centers for
D sease Control and Prevention, using the Quantaphase 1|1
Fol at e/ B12 radi oassay kit (Bio-Rad Laboratories, Hercules, CA
(22, 23). Surplus serum sanples were stored at -70 degrees for 8-
36 nonths before analysis for total honocysteine concentration at
the the US Departnent of Agriculture Human Nutrition Research
Center on Aging, Tufts University using the reverse-phase high-
performance |iquid chromatography (HPLC) and fl uorescence
detection nethod of Araki and Sato (22, 24, 25). This assay
measures total honocysteine, including both reduced and oxi di zed
forms. Quality control nethods are described el sewhere (22).
Previ ous anal yses have shown that length of tine fasting did not
affect tHcy concentration in this sanple (25). Values for tHcy
were mssing if exam ned persons had no bl ood sanpl e obtained or
if insufficient surplus serumwas avail abl e.

Frozen serumwas sent to The M ssouri Di abetes
Di agnostic Laboratory and stored at -70 C until analysis for
seruminsulin concentration. |Insulin radioi munoassay (Rl A was
performed using the Pharmacia Insulin RIA kit (Pharmacia

Di agnostics AB, Uppsala, Sweden) for the majority of sanples.



(Prior to Novenber, 1990, RIA kits purchased from Canbri dge
Laboratories, Canbridge, Massachusetts and its successor Ventrex,
Inc., Canbridge, Massachusetts were used. Based on sinultaneous
anal yses using all three assays, results fromthese kits were
converted to Pharnmacia equivalence.) Quality control procedures
i ncl uded the reanal ysis of 5% of speci nens random y sel ected
either within-assay or between assay and the anal ysis of batch
speci nens consisting of four |evels of control pools before and
after all survey specinens. The internal reference range for
fasting seruminsulin in non-obese, nondiabetic adults (nean age
28.1 years) was 3.08-11.92 ulUnL (22). The cross-reactivity of
Pharmacia insulin antibody with proinsulin is approxi mtely 40%
Concentration of G peptide in serumwas determned using RIA in
a 3-day, batch, sequential-saturation nethod with two i ncubations
(22). The internal reference range for fasting serum C peptide
was 0.266-1.079 pnol/nL. Frozen plasma was sent to the M ssour
Di abet es Di agnostic Laboratory for determ nation of plasm
gl ucose using a nodi fi ed hexoki nase enzymati c nmet hod on t he Cobas
Mra Chem stry System (Roche Di agnhostic Systens, Inc, Mntclair,
New Jersey). Wthin and between-assay quality control procedures
were used. During the 6 years of the survey the coefficient of
variation of the nethod was 1.6-3.7% (22). d ycated henogl obin
(HbAlc) in whole blood was determ ned using a hi gh-performance
i quid chromat ographi c assay on the D amat automated HPLC system

nodel 723 (Bi o-Rad Laboratories, Hercules, CA). The upper limt



of normal for HbAlc in this system has been defined as 6.1% (26).
Techni ci ans neasured height to the nearest 0.1
centineter, weight to the nearest 0.01 kg, triceps, subscapul ar,

suprailiac and md-thigh skinfold thickness to the nearest 0.1
mllinmeter and wai st and buttocks circunference to the nearest
0.1 centinmeter as described in detail elsewhere (20, 27, 28).
Wth the sanple person standing at mnimal respiration, waist

ci rcunference was neasured in a horizontal plane at the |evel of
the high point of the iliac crest to the nearest 0.1 cm Hp
circunference was neasured in a horizontal plane at the maxi num
extensi on of the buttocks. The follow ng were conputed: wai st -
to-hip circunference ratio (WHR), and body mass index (BM =wei ght
/hei ght2, kg/nR). Extensive descriptive data on di abetes,

gl ucose tol erance, height, weight, BM and obesity preval ence as
well as serumtHcy, folate, and vitamn B1l2 in the NHANES ||
popul ati on have been published el sewhere and will not be
duplicated here (9, 18, 19, 21, 23, 25, 28).

Statistical analysis. The plan of the present anal yses
was as follows. Detailed descriptive statistics and neasures of
associ ation were conputed initially using the Statisti cal
Anal ysis System (SAS) (29). Pearson partial correlation was used
to assess the association of the natural |ogarithm (LN) of serum
tHcy concentration with other variables controlling for age or
age and BM (29). Correlation analysis results are presented

because of their famliarity, ease of interpretation by a w de



audi ence, and use in previous reports that nmay be conpared to the
present one. Miltivariate |ogistic regression analysis was used

to estimate nodels for controlling for confounding of the
association of LN serumtHcy with history of doctor-di agnosed

di abetes nmellitus (29). Linear multivariate regression analysis

was used to estimate nodels for controlling for confoundi ng of

t he association of LN serumtHcy with fasting seruminsulin (29).
Only variables with pre-specified hypotheses were entered into

the regression nodels. Follow ng these prelimnary anal yses,

anal yses were perfornmed using techni ques that incorporated
sanpling weights and design features of the survey (29, 30).

Popul ation estinates for nmeans and percentiles of variables were
produced usi ng wei ghted SAS or SUDAAN procedures (31). Pearson
correlations of LN serumtHcy with other variables were perforned
usi ng SAS wei ghted analysis and all statistical testing and

vari ance estimation were perfornmed using the PROC LOGE STI C and
PROC REGRESS procedure for regression nodels in the SUDAAN system
(23, 24).

RESULTS
Figure 1 shows the distribution of serumtHcy
concentration by age. As reported previously, the distributions
show rising levels in each decade of life fromthe fifth through
sevent h decades. Perhaps due to snaller sanple size and

i ncreased variability, no further increase was apparent in nmen



aged 70-74. LN serumtHcy was correlated with age overal

(r=0.26 wgt) but not within decades with the exception of the
sixth (r=0.26). The distribution of HbAlc varied little with age
(not shown). The curnul ative distribution of fasting serum
insulin concentration showed little variation with age until the
sevent h decade (not shown). Blood pressure showed a consi stent,
graded change with increasing age.

Mean natural log (LN) tHcy was conputed in cases with a
hi story of doctor-di agnosed di abetes and in controls with no such
hi story. No relationship was found between nean natural |[og (LN)
t Hcy and di abetic status before (diabetes 2.27, no di abetes 2.26)
or after (2.26, 2.31, respectively) adjusting for age. Nor was
age-specific quintile of tHcy significantly associated with
di abetic status. However, nean LN serumfolate was significantly
hi gher in diabetics after age adjustnent (age-adjusted nean LN
fol ate diabetics 2.56, non-diabetics 2.42). 1In all nen within
age groups, LN tHcy was not correlated with HbAlc concentration
(e.g. at age 60-69 r=-0.02). In a weighted logistic regression
anal ysis controlling for age and BM in nen aged 40-74, LN tHCY
was not significantly associated with preval ent di abetes (beta
coefficient -1.018, SE 0.676, T -1.505, P=0.146).

Wthin strata of age and overall, weighted correl ation
coefficients were conmputed of LN serumtHcy concentration with
vari abl es associated with the insulin resistance syndrone as well

as vitamn levels. 1|In conbined fasting and non-fasting Mexican

10



American nmen with no history of diabetes, LN tHcy was not
associ ated with glycated henogl obin, HDL chol esterol, bl ood
pressure, waist-to-hip ratio, waist circunference, and body mass
i ndex. For exanple for glycated henogl obin correl ation
coefficients by age were as follows: 40-49y 0.14, 50-59y -0. 16,
60- 69y 0.11, 70-74y 0.04. LN serumtHcy was highly negatively
correlated with serumand red blood cell folate (e.g. r=-0.48, -
0.39), respectively at 40-49 years, and serumyvitamn Bl2
concentrations (e.g. r=-0.29 at 40-49 years).

Tabl e 1 shows neans by age of tHcy and ot her vari abl es
in the subsanple of fasting nen. Blood pressure showed a
consi stent, graded change with increasing age. In the subset of
fasting nen aged 40-74 with no history of diabetes, Pearson
wei ghted correlation coefficients wwthin strata of age and in al
men were conputed for LN serumtHcy concentration with fasting
bl ood nmeasurenments of insulin resistance and gl ucose tol erance
(Table 2). In partial correlation analysis controlling for age
in fasting nmen aged 40-74, LN tHcy not associated with fasting
seruminsulin, Cpeptide nor plasma glucose (e.g. for LN insulin
r=-0.004). Nor was tHcy correlated with values at two hours post
gl ucose load nor with serumtriglycerides (r=0.04). Analyses
Wi thin age strata are shown in Table 2.

A weighted |linear regression nodel was fit with fasting
seruminsulin concentration, the best neasure in this survey of

insulin resistance, as the dependent variable and LN serumtHcy
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as the exposure variable controlling for age, and BM in the
subset of fasting nen aged 40-74 with no history of diabetes.
Serum tHcy was not associated with fasting seruminsulin (beta
coefficient -6.217, SE 6.171, T -1.007, P=0.324). However an
interaction of age and tHcy was apparent and the anal ysis was
repeated for men 40-59 and 60-74. No significant association was
seen at age 40-59 (beta coefficient -0.101, SE 0.141, T -0.717,
P=0.481. However at age 60-74 a borderline significant positive
associ ation was seen (beta coefficient 0.205, SE 0.098, T 2.078,

P=0. 049) .

DI SCUSSI ON

Few studi es have exam ned the relationship of total
serum honocyst ei ne concentration and di abetes, increased serum
insulin concentration or insulin resistance, despite the
rel ati onship postulated for all these variables with coronary
heart di sease and at herosclerosis (1-6). Sone studies report
hi gher tHcy in persons with type 2 or type 1 diabetes than in
non-di abetics (7-9), while others do not (10, 11). One small
study of Dutch healthy volunteers reported i ndependent
associations of tHcy with glucose utilization nmeasured using a
hyperi nsul i nem ¢ euglycem c clanp, the best indicator of insulin
resistance (12). However, another sonewhat |arger study of tHcy
and insulin-nediated gl ucose disposal failed to find any

association (13). An Israeli study reported a negative
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correlation of plasma tHcy and insulin levels (14). Wl
established are associ ations of netabolic risk factor clustering
with insulin sensitivity and hyperinsulinema, the insulin
resi stance syndrone (4-6, 15).

Mechani sms for a putative association of tHcy with
di abetes nmellitus or insulin resistance are uncl ear.
Honocysteine is elevated in severe diabetic nephropathy as in
other forms of chronic renal failure, perhaps due to decreased
glonerular filtration rate, and pre- and intrarenal factors (32,
33). Acute hyperinsulinem a during a hyperinsulinem c-euglycemc
gl ucose clanp seened to lower tHcy in normal controls but had
little effect in Type 2 diabetic patients in a small study (34).
Fol ate, vitam ns Bi2 or Bs are not anong m cronutrients shown to
affect insulin sensitivity (35). However, folate and vitam n Bi>
are inversely associated with tHcy in Type 2 diabetes and tHcy is
associated wth cardi ovascul ar di sease in Type 2 di abetes (36).
A study of Dutch diabetics failed to show clustering of tHcy with
other risk factors of the insulin resistance syndrone (36-39).

NHANES 111 was the first study to provide popul ation-
based data on distributions of tHcy in Mexican Americans (25,
40). Concentrations of tHCY in serumwere |ower in Mexican
Americans than in non-Hi spanic whites or bl acks. As in these
ot her groups, tHcy increased with age and was hi gher in nen than
wonen in Mexican Anericans. However, no published data were

found on associ ations of tHcy and cardi ovascul ar risk factors of

13



the insulin resistance syndronme in Mexican Americans. |In the
total NHANES Il sanple, tHcy was inversely associated with
education years, and serum fol ate and Bi2 concentrati ons and
directly associated with snoking, systolic blood pressure, total
serum chol esterol, and history of diabetes (9). In a Norwegian
popul ation, sim/lar associations were reported in addition to
finding an inverse association with physical activity in |eisure
time and a direct association with plasma triglyceride
concentration (41). |In a Japanese case control study, plasnma
tHcy | evels were higher in Type 2 di abetes wi th macroangi opat hy
than in diabetics w thout nacroangi opathy or non-di abetic
controls (10). Levels of tHcy al so were higher in diabetics

wi t hout macroangi opathy than in non-diabetics, significantly so
in wonmren. Another study failed to find elevated tHcy in Type |
di abetics w thout nephropathy (42). A Dutch popul ati on-based
study showed no significant variation in tHcy anong those with
normal or inpaired glucose tolerance or NIDDM (43). However,
tHcy was nore strongly associated with preval ent cardi ovascul ar
di sease in persons with Type 2 diabetes than in others. For
unknown reasons, in 22 pregnant Finnish wonen with pre-eclanpsia,
tHcy was strongly correlated with insulin sensitivity (r=-51,
p=0. 02) and area under the curve of the first 10-mnute insulin
| evel s (r=0.62, p=0.002) during the insulin-sensitivity test; no
such correl ations were seen in 16 pregnant control wonen (44).

Many studies report the strong association of tHcy with serum

14



folate, and vitamn Bi; | evels.

Limtations of the present study include possible bias
arising fromsurvey non-response and from m ssing val ues for sone
vari abl es. However these are unlikely to seriously conprom se
the validity of the study (30, 45-49). Results may not be
generalizable to other ethnic groups.

Future research should include |ongitudinal studies of
insulin resistance syndrone and serumtHcy, and vitamn levels in
non- H spani ¢ white and bl ack and H spanic nmen and wonen to
determ ne tenporal sequence of the relationship. Euglycemc
clanp, mninmal nodel or other techniques for accurate neasurenent
of insulin resistance and specific insulin assays should be used
to confirmwhether insulin resistance, fasting specific insulin
and proinsulin vary in their association with serumtHcy.

I nsulin resistance and serumtHcy should be assessed jointly as
risk factors for devel opnent of noninvasively neasured

at herosclerosis (e.g. carotid intinma-nedial thickness) in non-

i nsulin dependent diabetes and insulin dependent diabetes.

In conclusion, in a national sanple of Mexican Anerican
men aged 40-74 years, serumtHcy was not associated with
preval ent diabetes nellitus, body fat distribution, obesity or
ot her variables of the insulin resistance syndrone. Serumfolate
concentration was higher in diabetics than nondi abetics and was
negati vely associated with serumtHcy. Fasting seruminsulin

concentrati ons al so showed no consi stent associations with serum

15



tHcy | evels overall or within age subgroups.
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FI GURE LEGENDS

Figure 1. Cunulative distribution of serumtotal honocysteine in

Mexi can Anerican nen aged 40-74 years in the Third Nati onal
Heal th and Nutrition Exam nation Survey, 1988-1994.
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Table 1. Mean levels of serumtHcy and indicators of insulin
resistance in fasting Mexi can Anerican nen.

Vari abl e 40- 49y 50- 59y 60- 69y 70- 74y

Fthcy, unol /L |9.1 9.2 10. 8 11. 3

FSI, pnol/L 76 77 77 60

FSG nmmol /L 5.9 6.0 5.9 5.5

FSCP, nmol /L [0.78 0.77 0.91 0.75

2hr insulin, 374 498 404 401

pnol / L

2hr gl ucose, 6.8 6.7 7.0 8.1

mol / L

2hr G 3.02 3.48 3.76 4. 11

pepti de,

nnol /L

FTG mmol /L 1.83 1.96 1.76 1.62

Age, yr 43 54 65 72

N 79 24 64 19

F, fasting; SI, seruminsulin; SG serum glucose; SCP, serum C

peptide; tHcy,

t ot al

serum honocyst ei ne;
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Tabl e 2.

i ndi cators of

insulin resistance in fasting Mexican Anerican nen.

Correl ation coefficients of LN serumtHcy with serum

Vari abl e 40- 49y 50- 59y 60- 69y 70- 74y
LNFSI -0.001 -0.144 0.133 0. 236
FSI -0.018 -0.053 0. 066 0. 208
FSG 0.177 0. 008 0. 008 0.158
FSCP 0.10 0. 006 0. 256 0.016
2hr insulin -0. 07 -0.082 0.088 0.073
2hr C-peptide | -0.044 -0. 092 0. 238 0.077
Triglycerides |0.143 -0.175 -0.024 -0.199
Age 0.105 0.081 0. 040 0.161
N 79 24 64 19

LN, natural log; FSI, fasting seruminsulin; FSG fasting serum

gl ucose; FSCP

fasting C peptide;

27

tl—k:ya

t ot al

serum honocyst ei ne.
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