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OBJECTIVE — To assess the extent to which glycemic control by itself results in
satisfactory control of diabetic dyslipidemia.

RESEARCH DESIGN AND METHODS— A population-based case series con-
sisting of 386 Mexican Americans and 94 non-Hispanic whites with non-insulin-
dependent (type II) diabetes was studied. All subjects answered questions about their
medical history and care received and underwent a standardized oral glucose toler-
ance test and measurements of fasting serum lipid and lipoprotein concentrations.
Three definitions of dyslipidemia were used: total cholesterol >6.20 mM (240
mg/dl), triglyceride >2.82 mM (250 mg/dl), and high-density lipoprotein cholesterol
<0.90 mM (35 mg/dl).

RESULTS— Despite having removed subjects receiving lipid-lowering drugs, dia-
betic subjects who had been previously diagnosed and were under medical care
exhibited a lower prevalence of hypertriglyceridemia than those who were newly
diagnosed at the time of their survey visit, suggesting that conventional management
was associated with a reduced frequency of this dyslipidemia. Among previously
diagnosed cases, the prevalence of dyslipidemia rose with worsening glycemic control
but there was little association with type of therapy (diet only, oral agents, or insulin)
or frequency of physician visits. In general, the prevalence of dyslipidemia in diabetic
subjects remained higher than in nondiabetic subjects, despite hypoglycemic therapy.

CONCLUSIONS— The results suggest that glycemic control by itself does not
suffice to control diabetic dyslipidemia and that significant numbers of diabetic
subjects will need direct lipid management. Clinical trials are urgently needed to
define the optimum management strategy for diabetic dyslipidemia.
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N umerous studies have documented
that cardiovascular disease (CVD),
particularly ischemic heart disease,

is the leading cause of death and a major
cause of morbidity and functional dis-
ability in patients with non-insulin-
dependent (type II) diabetes mellitus as
it is in the general population (1-3).
Whereas the principal risk factors for the
microvascular complications of diabetes
are the degree and duration of hypergly-
cemia (4-9), these are not the main risk
factors for macrovascular complications
(2,4,10-13). Instead, the risk factors for
macrovascular complications are the
same as those that operate to produce
CVD in the nondiabetic population, i.e.,
cholesterol level, blood pressure, and
cigarette smoking (10,14). Despite this,
most authorities emphasize glycemic
control as the first line of defense in the
treatment of diabetic dyslipidemia. (In
this paper, we will use the term diabetic
dyslipidemia to refer to the hypertriglyc-
eridemia, low high-density lipoprotein
(HDL), and occasional low-density lipo-
protein (LDL) elevations commonly
found in diabetic patients.) For example,
both the American Diabetes Association
(ADA; 15) and the National Cholesterol
Education Program (NCEP; 16) recom-
mend glycemic control as the first step in
controlling diabetic dyslipidemia. More-
over, it appears that physicians are in-
clined to follow this policy. In San An-
tonio, Texas, for example, whereas 50—
70% of previously diagnosed diabetic
subjects were under treatment with ei-
ther oral agents or insulin, <10% of
those with dyslipidemia were receiving
lipid-lowering agents (17). Although no
one questions the importance of glyce-
mic control, the ADA has recently pub-
lished a Consensus Statement, which
emphasizes that many diabetic patients
may need additional therapy directed
specifically at their lipid abnormalities,
including the use of lipid-lowering drugs
when necessary (18).

There is no doubt that the prin-
cipal modalities of glycemic control can
improve lipid profiles in selected diabetic
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patients. Thus, diet (19-22), oral antidi-
abetic agents (22-25), and insulin
(23,26-28) have all been shown to pro-
duce favorable changes in diabetic dys-
lipidemia, particularly reductions in
very-low-density lipoprotein (VLDL)
cholesterol. However, most of these
studies were relatively small and in-
volved selected groups of patients. What
is not known and what is relevant from a
public health standpoint is: How often
does the glycemic control strategy work
in the general diabetic population? Spe-
cifically, what percentage of diabetic
subjects can realistically be expected to
achieve satisfactory glycemic control,
and of these, what percentage will then
need no further attention to their lipid
profiles? These are the questions that we
have attempted to answer in this article.

RESEARCH DESIGN AND
METHODS— The diabetic subjects
analyzed herein were drawn from the
cohort enrolled in the San Antonio Heart
Study, a population-based study of dia-
betes and CVD in Mexican Americans
and non-Hispanic whites. More than
5100 individuals, 60% of whom were

Mexican American, have been enrolled
in this study since 1979. The study de-
sign, sampling procedures, field proce-
dures, and response rates of the San An-
tonio Heart Study have been described in
detail in previous publications (17,29-
31). Briefly, households were randomly
sampled from three types of neighbor-
hoods: low-income barrios, middle-
income transitional neighborhoods, and
high-income suburbs. All 25- to 64-yr-
old men and nonpregnant women resid-
ing in the selected households were con-
sidered eligible for the study and invited
to undergo a medical examination in a
mobile clinic located in their neighbor-
hood. Response rates ranged from 60 to
75% in the various neighborhoods. All
participants underwent a standard oral
glucose tolerance test, and diabetes was
diagnosed according to the plasma glu-
cose criteria of the National Diabetes
Data Group (32). In addition, individu-
als who gave a history of diabetes and
who reported current therapy with oral
antidiabetic agents and/or insulin were
considered to have diabetes regardless of
their plasma glucose concentrations. A
total of 386 Mexican Americans and 94

non-Hispanic whites met these criteria
for diabetes. One hundred seventy-nine
Mexican Americans and 58 non-His-
panic whites were diagnosed for the first
time at their survey visit. These individ-
uals will be referred to as newly diagnosed
and the remaining diabetic subjects will
be referred to as previously diagwsed. The
combined group of patients thus consti-
tutes a population-based case series and
should be reasonably representative of
typical diabetic patients in our commu-
nity. Height and weight were measured
on all participants and body mass index
(BMI; kg/m2) was calculated as an index
of adiposity. Insulin-taking diabetic sub-
jects who had BMI <30 kg/m?' and
whose age of diabetes onset was < 40 yr
were considered to have possible insulin-
dependent diabetes (n = 16) and were
excluded from our analyses. Also, be-
cause the emphasis in this article is on
the relationship between glycemic con-
trol and prevalence of dyslipidemia, pa-
tients who reported treatment with lipid-
lowering medications (n = 12) were also
excluded from the analyses. Occasional
missing values on selected variables fur-
ther reduced the number of subjects in

Table 1—Age-adjusted prevalence (%) of dyslipidemia (3 definitions) in diabetic and nondiabetic subjects according to sex and ethnicity

MEN

N
TOTAL CHOLESTEROL >6.20 MM*

TRIGLYCERIDE >2.82 MMT

HIGH-DENSITY LIPOPROTEIN CHOLES-

TEROL <0.90 MM*

WOMEN

N
TOTAL CHOLESTEROL >6.20 MM§

TRIGLYCERIDE >2.82 MM||

HIGH-DENSITY LIPOPROTEIN CHOLES-

TEROL <0 .90 MMH

NONDIABETIC

1198
21.3
15.4
24.3

1621
20.2

6.5
8.0

MEXICAN

DIABETIC

143
21.8
29.4
37.8

221
29.3
20.6
21.6

AMERICAN

PREVALANCE

RATIO

1.02
1.91
1.56

1.45
3.17
2.70

AGE-ADJUSTED

P VALUE FOR

EFFECT OF

DIABETES

0.89
<.001

.001

.005
<0.001
<0.001

NONDIABETIC

778
21.2
14.0
23.1

966
22.9

5.6
4.6

NON-HISPANIC WHITE

]

DIABETIC

39
25.2
25.5
45.9

44
24.1
16.9
17.5

PREVALANCI

RATIO

1.19
1.82
1.99

1.05
3.02
3.80

AGE-ADJUSTED

P VALUE FOR

: EFFECT OF

DIABETES

0.56
0.06
0.003

0.85
0.003
0.002

*P = 0.58, W ~ 0.13, fP = 0.97, §P = 0.55, ||P = 0.05, HP = 0.008, for main effects of ethnicity on diabetes status.
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Table 2—Age-adjusted prevalence
fasting glycemia

of dyslipidemia in newly and previously diagnosed diabetic subjects according to severity of

N

MILD

MODERATE

SEVERE

FASTING GLUCOSE*

MILD

MODERATE

SEVERE

TOTAL CHOLESTEROL >6.20 MM

MILD

MODERATE

SEVERE

P FOR MAIN EFFECT OF DIAGNOSIS STATUS

TRIGLYCERIDE >2.82 MM

MILD

MODERATE

SEVERE

P FOR MAIN EFFECT OF DIAGNOSIS STATUS

HIGH-DENSITY LIPOPROTEIN CHOLESTEROL <0.90 MM

MILD

MODERATE

SEVERE

P FOR MAIN EFFECT OF DIAGNOSIS STATUS

MEN

NEWLY

DIAGNOSED

52
27
13

6.21 MM

9.31 MM

13.33 MM

25.7
18.1
37.6

P = 0.30

27.2
43.2
54.1

P = 0.005

37.5
31.8
43.8

P = 0.82

PREVIOUSLY

DIAGNOSED

24
31
31

6.25 MM

9.42 MM

13.99 MM

19.4
13.4
29.6

11.9
21.5
29.8

42.8
36.8
49.4

WOMEN

NEWLY

DIAGNOSED

78
22
23

6.12 MM

9.20 MM

14.81 MM

22.9
37.9
31.6

P = 0.88

15.8
26.6
32.7

P = 0.38

18.1
16.4
23.4

P = 0.90

PREVIOUSLY

DIAGNOSED

46
44
51

6.42 MM

9.22 MM
14.31MM

22.6
37.6
31.3

12.0
20.9
26.1

19.0
17.2
24.4

*Mild <7.78, moderate 7.78-11.1, severe >11.1 mM.

several of the tables. The study was ap-
proved by the Institutional Review Board
of the University of Texas Health Science
Center at San Antonio, and all subjects
gave informed consent.

All subjects completed a detailed
medical history questionnaire, which in-
cluded questions on their type of antidi-
abetic therapy (diet only, oral agents,
and/or insulin) and frequency of physi-
cian visits within the preceding year.
These items were used as indicators of
the intensity of therapy. Three defini-
tions were used for dyslipidemia: total
cholesterol (TC) concentration >6.20
mM (240 mg/dl), triglyceride (TG) con-
centration >2.82 mM (250 mg/dl), and
high-density lipoprotein (HDL) choles-
terol concentration <0.90 mM (35 mg/
dl). (Although it could be argued that

sex-specific cutoffs should be used for
low HDL cholesterol, we followed the
NCEP guidelines (16) that specify an
HDL cholesterol of <0.9 mM (<35 mg/
dl) as indicative of high cardiovascular
risk for both men and women.) Severity
of fasting glycemia was categorized as:
mild <7.78 mM (140 mg/dl), moderate
7.78-11.1 mM (140-200 mg/dl), and
severe >11.1 mM (200 mg/dl).

The prevalences of dyslipidemia
were age-adjusted by multiple logistic
regression (33). In all tables, the pre-
dicted prevalence at age 53 yr is pre-
sented because this was the approximate
mean age for the total sample of diabetic
subjects. In Table 1, four logistic regres-
sion models were used, one for each sex-
ethnic group. In each model, dyslipi-
demia was the dependent variable and

age and diabetes status were the inde-
pendent variables, and the main effect of
diabetes status was tested. The sexes
were then combined and a second series
of logistic regression models was run
with ethnicity added as an independent
variable to test for the main effect of
ethnicity. In Table 2, the effect on dys-
lipidemia prevalence of being either
newly or previously diagnosed is pre-
sented. Because newly diagnosed dia-
betic subjects appeared to have milder
disease (as evidenced by lower levels of
glycemia, perhaps reflecting more recent
disease onset), these analyses were strat-
ified according to glycemic level (charac-
terized as mild, moderate, or severe).
Multiple logistic regression was again
used to estimate the predicted prevalence
of dyslipidemia at age 53 yr for newly
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Table 3—Age-adjusted prevalence (%) of dyslipidemia in previously diagnosed diabetic subjects according to sex and type of therapy

N
AGE (YR)

BODY MASS INDEX (KG/M2)

TOTAL CHOLESTEROL >6.20 MM

TRIGLYCERIDES >2.82 MM

HIGH-DENSITY LIPOPROTEIN CHOLES-

TEROL <0.90 MM

DIET

ONLY

30
54.3
29.0
20.1
27.0
51.2

MEN

TYPE OF THERAPY

ORAL

AGENTS

46
52.7
29.5
21.7
19.3
29.8

INSULIN

11
57.2
32.5
18.5
28.8
84.2

AGE-ADJUSTED P

VALUE FOR EFFECT

PILLS

VS. DIET

0.39
0.80
0.87
0.44
0.07

INSULIN

VS. DIET

0.22
0.056
0.91
0.91
0.06

DIET

ONLY

49
52.5
31.5
30.6
19.8
21.1

WOMEN

TYPE OF THERAPY

ORAL

AGENTS

70
53.6
31.0
32.7
21.3
24.3

INSULIN

25
54.0
36.6
27.8
20.2
12.8

AGE-ADJUSTED P

VALUE FOR EFFECT

PILLS

VS. DIET

0.58
0.89
0.81
0.85
0.67

INSULIN

VS. DIF.r

0.47
0.001
0.80
0.97
0.40

and previously diagnosed diabetic sub-
jects at each level of glycemia. These
analyses were performed separately for
men and women and the main effect of
diagnosis status was tested. Among pre-
viously diagnosed diabetic subjects, age-
adjusted dyslipidemia prevalences were
calculated according to type of therapy
(Table 3) and frequency of physician vis-
its in the preceding year (Table 4). Each
of these independent variables was en-
tered as a categorical variable to compute
the predicted prevalence at age 53 yr for
each level of the variable. In Table 4, the
models were then rerun with frequency

of physician visits entered as a continu-
ous variable to test for the linear effect of
this variable.

RESULTS— Table 1 shows the age-
adjusted prevalence of dyslipidemia ac-
cording to the three definitions in dia-
betic and nondiabetic Mexican-American
and non-Hispanic white men and
women. Diabetic subjects consistently
had higher prevalences of hypertriglycer-
idemia and low HDL cholesterol. These
differences were statistically significant in
seven of eight comparisons. In Mexican-
American women, the prevalence of hy-

percholesterolemia was also significantly
higher among diabetic than nondiabetic
subjects. The effect of diabetes on dyslip-
idemia was greater in women than men
as previously reported by us (34) and
others (35). There were no statistically
significant ethnic differences in men, al-
though in women the ethnic differences
in both hypertriglyceridemia and low
HDL were statistically significant.

Because there were no significant
ethnic differences in dyslipidemia preva-
lence among diabetic subjects, we pooled
the two ethnic groups to simplify the
presentation and to increase statistical

Table 4-—Age-adjusted prevalence (%) of dyslipidemia in previously diagnosed diabetic subjects according to sex and frequency of
physician visits

N

AGE (YR)

BODY MASS INDEX (KG/M2)

TOTAL CHOLESTEROL >6.20 MM

TRIGLYCERIDES >2.82 MM

HIGH-DENSITY LIPOPROTEIN CHOLESTEROL

<0.90 MM

0

21
54.2
29.0
24.0
19.1
57.6

PHYSICIAN

1-2

15
51.9
28.4
13.1
26.6
46.2

MEN

VISITS/YR

3-4

17
54.5
29.8
23.9
17.7
17.9

>4

29
54.3
31.0
17.5
27.7
48.7

AGE-ADJUSTED

P VALUE FOR

EFFECT OF

NUMBER OF

VISITS

0.72
0.12
0.73
0.58
0.40

0

20
53.4
31.4
19.9
5.0

24.6

PHYSICIAN

1-2

24
51.3
31.7
25.3
19.8
10.8

WOMEN

VISITS/YR

3-4

28
56.2
30.2
24.2
19.0
17.2

>4

69
52.4
33.3
39.3
27.1
25.2

AGE-ADJUSTED

P VALUE FOR

EFFECT OF

NUMBER OF

VISITS

0.88
0.21
0.06
0.05
0.45
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Table 5—Comparison of age-adjusted dyslipidemia prevalence in nondiabetic subjects and least severe and most intensively managed
diabetic subjects

MEN

TOTAL CHOLESTEROL >6.20 MM

TRIGLYCERIDES >2.82 MM

HIGH-DENSITY LIPOPROTEIN CHOLESTEROL

<0.90 MM
WOMI:N

TOTAL CHOLESTEROL >6.20 MM

TRIGLYCERIDES >2.82 MM

HK;H- DENSITY LIPOPROTEIN CHOLESTEROL

<0.90 MM

MEXICAN

AMERICAN

21.3
15.4
24.3

20.2
6.5
8.0

NONDIABETIC

NON-HISPANIC

WHITE

21.2
14.0
23.1

22.9
5.6
4.6

PREVIOUSLY

LEAST SEVERE (FASTING

PLASMA GLUCOSE

< 7.78 MM)

19.4
11.9
42.8

22.6
12.0
19.0

DIAGNOSED DIABETIC

INSULIN

TREATED

18.5
28.8
84.2

27.8
20.2
12.8

> 4 PHYSICIAN

VISITS/YR

17.5
27.7
48.7

39.3
27.1
25.2

power (Tables 2-5). Table 2 shows the
prevalence of dyslipidemia in newly and
previously diagnosed diabetic subjects
according to level of glycemia. Hyper-
triglyceridemia prevalence was lower in
previously diagnosed diabetic subjects
and this deficit was statistically signifi-
cant in men. Previously diagnosed men
also appeared to have somewhat less hy-
percholesterolemia, although this differ-
ence was not statistically significant. In
none of the other comparisons, however,
was there an advantage among the pre-
viously diagnosed diabetic subjects. In
both newly and previously diagnosed di-
abetic subjects, the prevalence of hyper-
triglyceridemia declined in a stepwise
fashion with progressively better glyce-
mic control. Similar associations were
not consistently observed for the other
types of dyslipidemia, however.

Table 3 shows no significant
trends in the prevalence of dyslipidemia
according to type of antidiabetic therapy.
Table 4 shows the prevalence of dyslip-
idemia according to the frequency of
physician visits in the preceding year. In
men, no consistent trends were ob-
served. In women, however, there was a
significant trend toward more hypertri-
glyceridemia with increasing frequency
of physician visits. A similar trend, albeit

only of borderline significance, was seen
for hypercholesterolemia. Neither of
these trends could be attributed to rising
obesity because this variable showed no
association with the frequency of physi-
cian visits.

In Table 5, we combined the data
from Tables 1 to 4 to compare the prev-
alence of dyslipidemia in the least severe
(fasting glycemia <7.78 mM) and most
intensively managed (insulin treatment
and >4 physician visits/yr) diabetic sub-
jects to that in nondiabetic subjects. Di-
abetic subjects consistently experienced
more hypertriglyceridemia and low HDL
cholesterol than nondiabetic subjects.
These data suggest that regardless of the
intensity or success of interventions di-
rected at lowering blood glucose, dia-
betic subjects persist in having an excess
prevalence of dyslipidemia.

CONCLUSIONS— In general, the re-
sults presented in this paper provide
some evidence of a beneficial effect of
conventional therapy on the prevalence
of diabetic dyslipidemia, particularly hy-
pertriglyceridemia, although this im-
provement still leaves diabetic subjects
with higher dyslipidemia prevalences
than are observed in the nondiabetic
population. Even after having excluded

subjects treated with lipid-lowering
medications (n = 12), the previously di-
agnosed diabetic subjects exhibited less
hypertriglyceridemia than the newly di-
agnosed diabetic subjects (statistically
significant in men) (Table 2). There was
also less hypercholesterolemia in previ-
ously diagnosed men, although this dif-
ference was not statistically significant.
The prevalence of low HDL cholesterol
was similar in newly and previously di-
agnosed diabetic subjects. Even with the
improvements noted in the previously
diagnosed diabetic subjects, their preva-
lences of dyslipidemia remained higher
than in nondiabetic subjects. Among
both newly and previously diagnosed di-
abetic subjects, the prevalence of hyper-
triglyceridemia tended to increase with
worsening glycemia but there appeared
to be little association between dyslipi-
demia prevalence and either type of ther-
apy or frequency of physician visits in
the preceding year. However, note that
the sample size in certain subgroups is
quite small. Thus, failure to achieve sta-
tistical significance could in some cases
reflect a type II error.

A further limitation of these data
is that they are cross sectional, thus mak-
ing it difficult to distinguish cause and
effect. For example, mild hyperglycemia

642 DlABETFS CARF, VOI.UMF 15, Nl'MBFR 5, MAY 1992

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/15/5/638/441103/15-5-638.pdf by guest on 10 A
pril 2024



Stern and Associates

could reflect either therapeutic success
or an intrinsically less severe disease pro-
cess. Similarly, intensity of therapy could
reflect either an aggressive physician or a
sicker patient. By contrast, a low fre-
quency of physician visits could reflect
either an apathetic physician or an apa-
thetic patient. Nevertheless, our results
seem to imply that there is no combina-
tion of glycemic level, type of therapy, or
frequency of physician visits that will re-
turn the prevalence of dyslipidemia in
diabetic subjects to that observed in non-
diabetic subjects. For example, in Table
5, even if we substitute less intensively
managed patients (diet only therapy and
< 1 physician visit/yr) under the assump-
tion that such patients have milder dis-
ease (rather than less aggressive manage-
ment), the pattern of excess dyslipidemia
prevalence in the diabetic subjects per-
sists. (The data for these substitutions
can be found in Tables 3 and 4.)

It might be argued that the level
of glycemic control achieved in a com-
munity setting falls short of the optimum
level and that had better control been
achieved, the prevalence of dyslipidemia
might have been reduced further, per-
haps to levels seen in the nondiabetic
population. More vigorous dietary man-
agement, for example, or more aggres-
sive insulin therapy might have pro-
duced more satisfactory levels of
glycemic control. However, other studies
suggested that hyperinsulinization may
be an independent risk factor for CVD
(36-38), which raises the question of
whether more aggressive efforts at glyce-
mic control by this modality might actu-
ally be counterproductive. Conceivably,
the benefits of more aggressive insulin
therapy on the prevalence of dyslipi-
demia might be partially or wholly offset
by an adverse effect of hyperinsuliniza-
tion on cardiovascular risk.

The results presented herein
point to the urgent need for large-scale
randomized clinical trials to test the effi-
cacy of various strategies for controlling
dyslipidemia on reducing the risk of
CVD in diabetic subjects. All current lip-

id-lowering trials have systematically ex-
cluded diabetic subjects. The distinctive
metabolic abnormalities of diabetic pa-
tients make it necessary to replicate these
trials in this patient population. We re-
cently discussed the theoretical consider-
ations suggesting that glycemic control
might favorably alter lipid profiles in
type II diabetic patients (39). On the
other hand, the possible atherogenic ef-
fects of hyperinsulinization (36-38)
raise concerns about overly aggressive
hypoglycemic therapy. In fact, the only
clinical trial that tested the effects of gly-
cemic control on cardiovascular end
points in diabetic patients (i.e., the Uni-
versity Group Diabetes Program) gave a
negative result (40), compatible with the
idea that offsetting influences might have
been at work. Only clinical trials can
define the relative trade-offs between
more aggressive glycemic control versus
direct pharmacological management of
dyslipidemia. For example, nicotinic
acid is a potent drug for managing dys-
lipidemia, which in nondiabetic subjects
has been shown to reduce not only the
incidence of ischemic heart disease but
total mortality as well (41). However, its
potential for raising blood glucose levels
means that its use in diabetic subjects
may necessitate escalating the hypogly-
cemic regimen (42). The Consensus
Statement of the ADA recommends that
clinical trials on controlling cardiovascu-
lar risk factors in diabetic subjects be
undertaken as an urgent priority (18).
Our results support this recommenda-
tion.

Acknowledgments— This work was sup-
ported by National Heart, Lung and Blood In-
stitute Grants R01-HL-24799 and HL-36820.

References
1. Harris MI, Entmacher PS: Mortality from

diabetes. In Diabetes in America. Diabetes
Data Compiled 1984. Harris MI, Hamman
RF, Eds. Washington, DC, U.S. Govt.
Printing Office, chapt. 29, p. XXTX-1-48
(NIH publ. no. 85-1468)

2. Barrett-Connor E, Orchard T: Diabetes
and heart disease. In Diabetes in America.
Diabetes Data Compiled 2984. Harris MI,
Hamman RF, Eds. Washington, DC, U.S.
Govt. Printing Office, chapt. 16, p. XVI-
1-41 (NIH publ. no. 85-1468)

3. KleinmanJC, Donahue RP, Harris MI, Fi-
nucane FF, Madans JH, Brock DB: Mortal-
ity among diabetics in a national sample.
Am] Epidemiol 128:389-401, 1988

4. Diabetes Drafting Group: Prevalence of
small vessel and large vessel disease in
diabetic patients from 14 centres: die
World Health Organization multina-
tional study of vascular disease in diabet-
ics. Diabetologia 28:615-40, 1985

5. Ballard DJ, Melton LJ, Dwyer MS, Traut-
mann JC, Chu C-P, O'Fallon WM,
Palumbo PJ: Risk factors for diabetic ret-
inopathy: a population-based study in
Rochester, Minnesota. Diabetes Care
9:334-42, 1986

6. Klein R, Klein BEK, Moss SE, Davis MD,
DeMets DL: Glycosylated hemoglobin
predicts the incidence and progression of
diabetic retinopathy. JAMA 260:2864-
71, 1988

7. Ballard DJ, Humphrey LL, Melton LJ,
Frohnert PP, Chu C-P, O'Fallon WM,
Palumbo PJ: Epidemiology of persistent
proteinuria in type II diabetes mellitus:
population-based study in Rochester,
Minnesota. Diabetes 37:405-12, 1988

8. Humphrey LL, Ballard DJ, Frohnert PP,
Chu C-P, O'Fallon WM, Palumbo PJ:
Chronic renal failure in non-insulin de-
pendent diabetes mellitus: a population-
based study in Rochester, Minnesota.
Ann Intern Med 111:788-96, 1989

9. Pugh JA: The epidemiology of diabetic
nephropadiy. Diabetes Metab Rev 5:531-
45, 1989

10. West KM, Ahuja MMS, Bennett PH,
Czyzyk A, Mateo de Acosta O, Fuller JH,
Grab B, Grabauskas V, Jarrett RJ, Ko-
sakak K, Keen H, Krolewski AS, Miki E,
SchliackV, Teuscher A, Watkins PJ, Sto-
ber JA: The role of circulating glucose
and triglyceride concentrations and their
interactions with odier "risk factors" as
determinants of arterial disease in nine
diabetic population samples from the
WHO Multinational Study. Diabetes Care
6:361-69, 1983

DIABETES CARE, VOLUME 15, NUMBER 5, MAY 1992 643

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/15/5/638/441103/15-5-638.pdf by guest on 10 A
pril 2024



Glycemic control and diabetic dyslipidemia

11. Herman JB, Medalie JH, Goldbourt U:
Differences in cardiovascular morbidity
and mortality between previously known
and newly diagnosed adult diabetics. Di-
abetologia 13:229-34, 1977

12. Jarrett RJ: Type 11 (non-insulin-depen-
dent) diabetes mellitus and coronary
heart disease—chicken, egg, or neither?
Diabetologia 26:99-102, 1984

13. Jarrett RJ, Shipley MJ: Type II (non-
insulin-dependent) diabetes mellitus
and cardiovascular disease—putative as-
sociation via common antecedents: fur-
ther evidence from the Whitehall Study.
Diabetologia 31:737-40, 1988

14. Kannel WB, McGee DL: Diabetes and
cardiovascular risk factors: the Framing-
ham Study. Circulation 59:8-13, 1979

15. Rifkin H (Ed.): Physician's Guide to Non-
Insulin-Dependent (Type II) Diabetes: Di-
agnosis and Treatment. 2nd ed. Alexandria,
VA, American Diabetes Assoc, 1988

16. The Expert Panel: Report of the National
Cholesterol Education Program expert
panel on detection, evaluation, and treat-
ment of high blood cholesterol in adults.
Arch Intern Ued 148:36-69, 1988

17. Stem MP, Patterson JK, Hafiner SM, Ha-
zuda HP, Mitchell BD: Lack of awareness
and treatment of hyperlipidemia in type
II diabetes in a community survey. JAMA
262:360-64, 1989

18. American Diabetes Association Consen-
sus Panel: Consensus Statement: role of
cardiovascular risk factors in the preven-
tion and treatment of macrovascular dis-
ease in diabetes. Diabetes Care 12:573-
79, 1989

19. Weisweiler P, Drosner M, Schwandt P:
Dietary effects on very-low-density lipo-
proteins in type 2 (non-insulin-depen-
dent) diabetes mellitus. Diabetologia 23:
101-103, 1982

20. Kennedy L, Walshe K, Hadden DR,
Weaver JA, Buchanan KD: The effect of
intensive dietary therapy on serum high
density lipoprotein cholesterol in pa-
tients with type 2 (non-insulin-depen-
dent) diabetes mellitus: a prospective
study. Diabetologia 23:24-27, 1982

21. Taylor KG, John WG, Matthews KA,
Wright AD: A prospective study of the
effect of 12 months treatment on serum
lipids and apolipoproteins A-l and B in

type 2 (non-insulin-dependent) diabe-
tes. Diabetologia 23:507-10, 1982

22. liu GC, Coulston AM, Lardinois CK, Hol-
lenbeck CB, Moore JG, Reaven GM: Mod-
erate weight loss and sulfonylurea treat-
ment of non-insulin-dependent diabetes
mellitus. Arch Intern Med 145:665-69,
1985

23. Paisey R, Elkeles RS, HambleyJ, Magill
PS: The effects of chlopropamide and in-
sulin on serum lipids, lipoproteins and
fractional triglyceride removal. Diabeto-
logia 15:81-85, 1978

24. Greenfield MS, Dobeme L, Rosenthal M,
Vreman HJ, Reaven GM: Lipid metabo-
lism in non-insulin-dependent diabetes
mellitus: effect of glipizide therapy. Arch
Intern Med 142:1498-500, 1982

25. Taskinen M-R, Beltz WF, Harper I, Fields
RM, Schonfeld G, Grundy SM, Howard
BV: Effects of NIDDM on very-low-
density lipoprotein triglyceride and apo-
lipoprotein B metabolism: studies before
and after sulfonylurea therapy. Diabetes
35:1268-77, 1986

26. Agardh C-D, Nilsson-Ehle P, Schersten
B: Improvement of the plasma lipopro-
tein pattern after institution of insulin
treatment in diabetes mellitus. Diabetes
Care 5:322-25, 1982

27. Rabkin SW, Boyko E, Streja DA: Changes
in high density lipoprotein cholesterol
after initiation of insulin therapy in non-
insulin dependent diabetes mellitus: re-
lationship to changes in body weight. Am
J Med Sci 285:14-20, 1983

28. Hollenbeck CB, Chen Y-Dl, Greenfield
MS, Lardinois CK, Reaven GM: Reduced
plasma high density lipoprotein-choles-
terol concentrations need not increase
when hyperglycemia is controlled with
insulin in non-insulin-dependent diabe-
tes mellitus. J Clin Endocrinol Metab 62:
605-608, 1986

29. Stem MP, Rosenthal M, Haffner SM, Ha-
zuda HP, Franco LJ: Sex difference in the
effects of sociocultural status on diabetes
and cardiovascular risk factors in Mexican
Americans: the San Antonio Heart Study.
Am] Epidemiol 120:834-51, 1984

30. Diehl AK, Stem MP: Special health prob-
lems of Mexican Americans: obesity, gall-
bladder disease, diabetes mellitus, and
cardiovascular disease. Adv Intern Med

34:79-86, 1989
31. Haffner SM, Fong D, Stem MP, Pugh JA,

Hazuda HP, Patterson JK, Van Heuven
WAJ, Klein R: Diabetic retinopathy in
Mexican Americans and non-Hispanic
whites. Diabetes 37:878-84, 1988

32. National Diabetes Data Group: Classifi-
cation and diagnosis of diabetes mellitus
and other categories of glucose intoler-
ance. Diabetes 28:1039-57, 1979

33. Dallal GE: Logistic: a logistic regression
program for the IBM PC. Am Stat 42:272,
1988

34. Mitchell BD, Haffner SM, Hazuda HP,
Patterson JK, Stem MP: Diabetes and
coronary heart disease in Mexican Amer-
icans. Ann Epidemiol 2:101-106, 1992

35. Walden CE, Knopp RH, Wahl PW, Beach
KW, Strandness E: Sex differences in the
effect of diabetes mellitus on lipoprotein
triglyceride and cholesterol concentrations.
N Engl J Med 311:953-59, 1984

36. Stem MP, Haffner SM: Body fat distribu-
tion and hyperinsulinemia as risk factors
for diabetes and cardiovascular disease.
Arteriosclerosis 6:123-30, 1986

37. Reaven GM: Banting Lecture 1988: role
of insulin resistance in human disease.
Diabetes 37:1595-607, 1988

38. Stout RW: Insulin and atheroma: 20-
year perspective. Diabetes Care 13:631-
54, 1990

39. Stem MP, Haffner SM: Dyslipidemia in
type II diabetes: implications for therapeu-
tic intervention. Diabetes Care 14:1144-
59, 1991

40. University Group Diabetes Program: A
study of the effects of hypoglycemic
agents on vascular complications in pa-
tients with adult-onset diabetes. II. Mor-
tality results. Diabetes 19 (Suppl. 2):
785-830, 1970

41. Canner PL, Berge KG, Wenger NK, Stam-
ler J, Friedman L, Prineas RJ, Friedewald
W, Coronary Drug Project Research
Group: Fifteen year mortality in Coro-
nary Drug Project patients: long-term
benefit with niacin. J Am Coll Cardiol
8:1245-55, 1986

42. Garg A, Grundy SM: Nicotinic acid as
therapy for dyslipidemia in non-insulin-
dependent diabetes mellitus. JAMA 264:
723-26, 1990

644 DIABETES CARE, VOLUME 15, NUMBER 5, MAY 1992

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/15/5/638/441103/15-5-638.pdf by guest on 10 A
pril 2024


