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Summary The aim of this study was to evaluate 
whether long-term glucose control, as assessed by 
fasting plasma glucose determinations during 
3 years, is a predictor of all-cause mortality in elderly 
NIDDM patients. Five hundred and sixty-six 
NIDDM patients attending the Verona Diabetes 
Clinic, aged 75 years and over, were followed-up 
from 1 January 1987 to 31 December 1991 to assess 
all-cause mortality. From their clinical records all 
fasting plasma glucose determinations available for 
the years 1984 to 1986 were collected and analysed. 
Patients were grouped in tertiles according to mean 
(M-FPG), coefficient of variation (CV-FPG) and 
trend over time (slope, S-FPG) of fasting plasma glu- 
cose during the period of retrospective evaluation. 
Mortality was assessed by observed/expected ratios, 
univariate Kaplan-Meier survival analysis and multi- 
variate Poisson regression model. By 31 December 
1991, 61 men and 127 women had died. Increased ob- 
served/expected ratios were found in women from 

the top M-FPG tertile, in patients (men and women) 
from the top CV-FPG tertile and in patients with a 
S-FPG less than -0.30 mmol/1 per year (lowest ter- 
tile). Patients in the lowest tertile of CV-FPG and in 
the middle tertile of S-FPG had a reduced mortality 
risk. Kaplan-Meier survival analysis indicated that 
patients with high CV-FPG as well as those in tertiles 
I and III of S-FPG (i.e., those with a definitely nega- 
tive or definitely positive slope) had an increased 
probability of dying, without any significant differen- 
ces between the three tertiles of M-FPG. Poisson re- 
gression model showed that CV-FPG, but not M- 
FPG or S-FPG, was an independent significant pre- 
dictor of mortality. These results suggest that glucose 
stability needs to be considered along with the abso- 
lute level of metabolic control when treating elderly 
NIDDM patients. [Diabetologia (1995) 38: 672-679] 
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As the prevalence of diabetes mellitus markedly in- 
creases with advancing age [1-5] and elderly people 
are becoming a growing component of the popula- 
tion in western countries, a considerable proportion 
of elderly subjects are diabetic and their number is 
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progressively increasing. In agreement with other 
studies, we recently observed that in Verona, Italy, 
the highest prevalence of diabetes is reached be- 
tween 65 and 79 years in men, and between 75 and 
80 years in women [6]. 

In elderly people diabetes is associated with the 
highest rates of morbidity and mortality for chronic 
diabetic complications [7] and for non-diabetes-re- 
lated diseases [8]. In Verona, we recently found that 
in diabetic subjects an excess mortality persists in ad- 
vanced age [6]. This result confirms previous reports 
[9, 10]. The true determinants of the excess mortality 
in elderly subjects with diabetes are poorly under- 
stood. In particular, at present it is unknown whether 
the degree of metabolic control is a major determi- 
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Table 1, Main demographic and baseline clinical characteristics of the elderly diabetic cohort 

673 

Diabetic patients attending the clinic 

In the study Not in the study 

Diabetic patients not 
attending the clinic 

Subjects 566 321 

Sex (male) 157 (27.2 %) 113 (35.2 %) 

Age (years) 79.8 + 2.6 78.8 + 4.4 

Age (distribution) 
75-79 years 344 (60.8 %) 228 (71.0 %) 
80-84 years 197 (34.8 %) 53 (16.5 %) 
_> 85 years 25 (4.4 %) 40 (12.5 %) 

Diabetes duration (years) 13.2 + 7.0 12.0 + 8.2 

Therapy a 
Diet 52 (9.2 %) 29 (9.0 %) 
OHA 477 (84.3 %) 263 (81.9 To) 
Insulin + OHA 27 (4.8 %) 21 (6.5 %) 
Insulin 10 (1.8 %) 8 (2.5 %) 

9O5 

263 (29.1%) 
80.9 + 4.4 

446 (49.3 %) 
290 (32.0 %) 
169 (18.7 %) 

10.9 _+ 8.7 

65 (7.4 %) 
782 (88.8 %) 

19 (2.2%) 
15 (1.7 %) 

a Information on therapeutic regimen was 
jects not attending the clinic 

missing for 24 sub- Values are given as mean + SD for continuous variables and as 
absolute frequency, with percent frequency in parentheses, for 
categorical variables. OHA, Oral hypoglycaemic agents 

nan t  of  mor t a l i t y  in e lder ly  d iabe t ic  subjects. Such in- 
f o r m a t i o n  is crucial ly r e l a t ed  to the  ques t ion  of how 
in tens ive ly  to t r ea t  e lder ly  d iabet ic  subjects. This is a 
m a j o r  publ ic  hea l th  p r o b l e m  to be  addressed ,  as dia- 
be tes  of  e lder ly  p e o p l e  is an increas ing b u r d e n  on  so- 
cial and  med ica l  resources  [11]. 

In  the  p re sen t  s tudy we e x a m i n e d  w h e t h e r  long- 
t e r m  glucose  control ,  as assessed by  r e t rospec t ive  
analysis of  fast ing glucose levels  in the  3 years  pre-  
ceding a 5-year  mor t a l i t y  fol low-up,  is a significant 
d e t e r m i n a n t  of  a l l -cause mor t a l i t y  in d iabet ic  pa-  
t ients  aged  75 years  and  over.  

Subjects and methods 

Subjects. The present study is a part of the Verona Diabetes 
Study [6], a population-based survey which allowed us to iden- 
tify about 7500 known diabetic subjects who met the diagnostic 
criteria of the National Diabetes Data Group [12]. These sub- 
jects were alive and resident in the area corresponding to the 
Social Health Unit (SHU) of Verona on 31 December 1986 
(baseline). For the purpose of this study, we included all the 
subjects (n = 566, 157 men, 409 women) aged 75 years and 
over, attending the Verona Diabetes Clinic in the years 1984 
to 1986, and of whom at least two fasting plasma glucose deter- 
minations for each of these years were available. These sub- 
jects were followed-up for the subsequent 5 years (1 January 
1987-31 December 1991) to assess all-cause mortality. 

The demographic and main baseline clinical characteristics 
of the cohort under study are summarized in Table 1, together 
with those of elderly subjects attending the clinic but excluded 
from the analysis because of a lower number of glucose deter- 
minations, as well as those of diabetic patients of the same age 
not attending the clinic but identified by the Verona Diabetes 
Study. No substantial differences were found between sub- 
jects attending the clinic included and excluded from the anal- 
ysis, except for marginal differences in age and sex distribu- 
tion, while slightly larger differences were found with respect 

to diabetic subjects not attending the clinic. In the cohort un 
der study mean age was about 80 years, duration of disease 
was about 13 year, women were more represented than men, 
and about 90 % of subjects were treated with oral hypoglycae- 
mic agents, alone or in combination with insulin. All the pa- 
tients of the cohort met the criteria for diagnosis of non-insu- 
lin-dependent (NIDDM) diabetes [12]. In particular, in those 
treated with insulin, the diagnosis of diabetes had been made 
after the age of 50 years (mean 61.8 years; range 52-73 years), 
and insulin treatment had been initiated at least 10 years after 
diagnosis of diabetes was made (mean 16.7 years; range 10- 
25 years). 

Fasting glucose determinations. In the patients under study 
fasting plasma glucose had been repeatedly measured in a con- 
sistent fashion during the years preceding the baseline, and the 
values were available in the clinical records. The latter were 
carefully reviewed to collect all the plasma glucose levels mea- 
sured at fasting during the years 1984 to 1986. 

For fasting plasma glucose measurements patients had been 
instructed to fast after 22.00 hours the previous night. Venous 
blood had been drawn from an antecubital vein between 07.30 
and 08.30 hours, collected in tubes containing EDTA and fluor- 
ide and centrifuged within 2 h. Plasma glucose had been as- 
sayed with a glucose-oxidase method (Boheringer Mannheim, 
Mannheim, Germany). Patients who arrived at the Diabetes 
Clinic later than 08.30 hours or who had eaten in the morning 
of the day of the visit were instructed to return on another day. 

Mortality assessment. The life status of the diabetic cohort 
identified on 31 December 1986 was ascertained on 31 Decem- 
ber 1991 as follows. All the death certificates of the Verona 
SHU from 1 January 1987 up to 31 December 1991 (about 
18,000), as well as the mortality records of the Verona SHU 
Department of Statistics concerning the same time period 
were carefully reviewed and deaths of diabetic subjects identi- 
fied on 31 December 1986 by the Verona Diabetes Study [6] 
were recognized. Deceased diabetic subjects were identified 
by matching National Social Health Code, name, date and 
place of birth of subjects in the death certificates and in the 
mortality records with those of subjects in the diabetes regis- 
ter established with the Verona Diabetes Study on 31 Decem- 
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Table 2. Main demographic and baseline clinical characteristics of survivors and deceased in the elderly diabetic cohort 

Survivors Deceased p value 

Subjects 378 188 

Sex (men/women) 96/282 (25.4/74.6 %) 61/127 (32.4/67.6 %) NS 

Age (years) 79.7 +_ 2.5 80.2 _+ 2.8 0.047 

Duration (years) 13.2 _+ 7.0 13.3 + 7.0 NS 

Mean fasting glucose (mmol/1) 
1984-1986 8.4 + 1.9 8.8 + 2.3 0.025 

CV of fasting glucose (%) 
1984-1986 15.9 + 10.1 19.6 + 10.7 < 0.001 

Slope of fasting glucose (mmol. 1 -I �9 year 1) 
1984-1986 0.001 + 1.136 -0.078 + 1.521 NS 

Therapy NS 
Diet 35 (9.3 %) 17 (9.0 %) 
OHA 325 (86.0 %) 152 (80.9 %) 
Insulin + O H A  12 (3.2 %) 15 (8.0 %) 
Insulin 6 (1.6 %) 4 (2.1%) 

NS, Not significant; OHA, oral hypoglycaemic agents 
Values are given as mean _+ SD for continuous variables and as 

absolute frequency, with percent frequency in parentheses, for 
categorical variables 

Table 3. Mean fasting plasma glucose (M-FPG), coefficient of variation (CV-FPG) and regression coefficient of fasting plasma glu- 
cose over time (S-FPG) as a function of therapeutic regimen in the elderly diabetic cohort during 3 years preceding the mortality 
follow-up 

Diet OHA O H A  + insulin insulin p -value 
(n = 52) (n = 477) (n = 27) (n = 10) 

M-FPG (mmol/1) 6.9 + 1.1 8.5 _+ 1.9 11.6 + 2.3 11.0 _+ 3.2 < 0.001 
CV-FPG (%) 13.2 + 11.5 16.9 + 10.0 24.8 + 10.4 26.3 + 10.0 < 0.001 
S-FPG (mmol. 1-1 - year -1) -0.03 + 1.15 -0.02 + 1.24 -0.24 + 1.94 0.27 + 1.60 NS 

NS, Not significant; OHA, oral hypoglycaemic agents 
Data are reported as mean _+ SD 

ber 1986. A list of all the people who moved from Verona dur- 
ing the years 1987-1991 was obtained by the Department of 
Statistics, the list was checked to identify subjects included in 
the diabetic cohort followed-up for mortality, their new ad- 
dresses were obtained, and their life status was ascertained by 
telephone. Of the initial cohort 21 (3.3 %) subjects who had 
moved from Verona were not traced, and were arbitrarily con- 
sidered alive at the end of the follow-up. 

Observed deaths were compared with expected deaths, 
using as reference the general population of the SHU of Vero- 
na, after excluding diabetic/subjects. Sex- and 5-year age-speci- 
fic mortality rates for all causes in non-diabetic subjects were 
calculated using data obtained from the Verona SHU Depart- 
ment of Statistics. 

Statistical analysi~ 

The total number of glucose determinations available in the 
clinical records and collected for the analysis was 5048, with 
an average of 3.0 plasma glucose determinations per subject 
per year (median 2.7, range 2-6). For each patient the mean 
(M-FPG) and the coefficient of variation (CV-FPG) of fasting 
plasma glucose in the 3 years preceding the mortality follow- 
up were calculated. In addition, in each individual patient the 
overall trend of fasting plasma glucose across the 3 years of ob- 
servation was evaluated through the regression coefficient 

(slope) of fasting plasma glucose over time (S-FPG). Patients 
were grouped in tertiles according to M-FPG (< 7.46, 7.46- 
9.16 and _> 9.17 mmol/1), CV-FPG (< 11.2, 11.2-18.4, 
-> 18.5 %), and S-FPG (less than -0.30, -0.30 to + 0.33, more 
than + 0.34 mmol/1 per year). 

Sex- and age-adjusted mortality risk was evaluated by cal- 
culating the observed/expected ratios by means of the com- 
puter program PYRS (person-years) version 1.3 [13]. Univari- 
ate survival analysis was carried out by Kaplan-Meier method 
and log-rank test [14]. Multivariate survival analysis was ac- 
complished by Poisson regression model [15]. In the multivari- 
ate analysis M-FPG, CV-FPG and S-FPG along with gender, 
age, diabetes duration and insulin treatment were considered. 
M-FPG, CV-FPG and S-FPG were always treated as categori- 
cal variables in all statistical analyses. In the Poisson regres- 
sion model insulin treatment was considered as a two- 
level categorical variable (0 = absent, 1 = present). Poisson re- 
gression model was chosen because the hazard associated 
with different tertiles of CV-FPG showed a significant interac- 
tion with time. The relative risk for continuous variables was 
calculated on the basis of an increase in the values of i SD. 

Other statistics were carried out by unpaired Student's t- 
test, chi-square analysis, one-way analysis of variance and 
Pearson's simple correlations [16]. Since the distribution of 
values of S-FPG was significantly different from normal, 
Mann-Whitney and Kruskal-Wallis tests were used to analyse 
this variable [16]. 
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Table 4. All-cause mortality in the elderly diabetic cohort dur- 
ing a 5-year follow-up (1 January 1987-31 December 1991), as 
a function of mean fasting plasma glucose (M-FPG) and its 

variation coefficient (CV-FPG) as well as regression coeffi- 
cient of fasting plasma glucose over time (S-FPG) during 
3 years preceding the mortality follow-up 

Male Female Total 
obs obs/exp ratio obs obs/exp ratio obs obs/exp ratio 

M - F P G  (rnmol/l) 
< 7.46 26 1.04 (0.68-1.52) 31 0.83 (0.57-1.18) 57 0.92 (0.69-1.19) 
7.46-9.16 21 0.85 (0.52-1.30) 40 1.00 (0.72-1.36) 61 0.94 (0.72-1.21) 
_> 9.17 14 0.94 (0.51-1.58) 56 1.32 (1.00-1.72) 70 1.23 (0.96-1.55) 
)~2 for trend NS p = 0.033 p = 0.099 
CV-FPG (%) 
< 11.2 16 0.66 (0.37-1.06) 30 0.74 (0.50-1.06) 46 0.71 (0.52-0.95) 
11.2-18.4 23 0.98 (0.62-1.47) 32 0.81 (0.56-1.15) 55 0.88 (0.66-1.14) 
_> 18.5 22 1.30 (0.82-1.97) 65 1.64 (1.26-2.08) 87 1.54 (1.23-1.89) 
~2 for trend p = 0.034 p < 0.001 p < 0.001 
S-FPG (rnmol. 1-1 �9 year -i) 
< -0.30 29 1.38 (0.92-1.98) 46 1.28 (0.94-1.71) 75 1.32 (1.04-1.65) 
-0.30-+0.33 19 0.81 (0.49-1.26) 28 0.65 (0.43-0.95) 47 0.71 (0.52-0.94) 
_> + 0.34 13 0.64 (0.34-1.10) 53 1.30 (0.97-1.70) 66 1.08 (0.84-1.38) 
X 2 for trend p = 0.015 NS NS 

For each level of M-FPG, CV-FPG, and S-FPG the number of observed deaths (obs) and the observed/expected (obs/exp) ratio 
with the 95 % confidence intervals are reported. Significance was assessed through a chi-square for trend. NS, Not significant 
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Fig.1. Observed/expected death ratio (obs/exp) in subjects 
grouped in tertiles according to mean fasting plasma glucose 
(M-FPG) as well as coefficient of variation of fasting plasma 
glucose (CV-FPG) during the 3 years (1 January 1984 through 
31 December 1986) preceding a 5-year (1 January 1987 to 31 
December 1991) mortality follow-up. No significant differen- 
ces in obs/exp were found in tertiles of M-FPG, while a signifi- 
cant increase was found across tertiles of CV-FPG 

Results 

By the end of the 5-year follow-up 188 patients (61 
men, 127 women)  had died. As shown in Table 2, pa- 
tients who died were slightly but significantly older, 
and had higher M-FPG and CV-FPG, but not S- 
FPG, during the 3-year period of retrospective analy- 
sis of fasting plasma glucose. Even though the overall 
therapy pattern did not reach statistical significance, 
patients who died were treated with insulin (alone or 
with oral hypoglycaemic agents) more frequently 

than survivors. For this reason, insulin treatment was 
included in the multivariate survival analysis (see be- 
low). 

As shown in Table 3, patients treated with insulin, 
alone or in combination with oral hypoglycaemic 
agents, displayed significantly greater M-FPG and 
CV-FPG during the 3-year period preceding the mor- 
tality follow-up as compared with patients treated 
with diet or oral agents. S-FPG was not significantly 
affected by the treatment. 

Table 4 reports the observed/expected ratio during 
the 5-year mortality follow-up (1 January 1987-31 
December  1991), as a function of M-FPG, CV-FPG 
and S-FPG during the period of retrospective evalua- 
tion of fasting plasma glucose. A significant increase 
in observed/expected ratio was observed in diabetic 
women of the top tertile of M-FPG, but not in men 
or in the whole cohort, where the trend for an in- 
creased mortality with the increase of M-FPG did 
not reach statistical significance (p = 0.099). 

A significant increase in observed/expected ratio 
was found as a function of CV-FPG in men, in wom- 
en and in the whole cohort. In particular, patients of 
the top tertile of CV-FPG (i.e., those with fasting 
plasma glucose instability) experienced significant 
excess mortality as compared to the non-diabetic 
population. Interestingly, patients of the lowest CV- 
FPG tertile showed a significantly decreased mortal- 
ity as compared with the non-diabetic population 
(Table 4). 

S-FPG affected mortality risk in a non-linear fash- 
ion. Indeed, mortality risk was significantly increased 
in the lowest tertile (i.e., subjects with a trend toward 
lower glucose levels over time), and was significantly 
reduced in the middle tertile (i.e. subjects with a glu- 
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Table 5. Relative risk (with 95 % confidence intervals in parentheses) of death from all causes in the elderly diabetic patients, after 
adjustment for age and sex, and after adjustment for all other variables 

Variables Relative risk p a value 

Adjusted for age and sex, 
if not in the model 

Adjusted for all 
other variables 

Sex (women vs men) 0.76 (0.56-1.04) 0.71 (0.52-0.97) = 0.033 
Age (SD = 2.6 years) 1.16 (1.01-1.33) 1.16 (1.00-1.35) = 0.049 
Diabetes duration (SD = 7.0 years) 0.99 (0.86-1.15) 0.95 (0.82-1.10) = 0.460 
Insulin treatment (yes vs no) 1.97 (1.22-3.17) 1.61 (0.96-2.72) = 0.086 
M-FPG (II vs I tertile) 1.06 (0.74-1.53) 0.91 (0.63-1.32) 

(III vs I tertile) 1.31 (0.92-1.87) 0.94 (0.64-1.39) = 0.880 
CV-FPG (II vs I tertile) 1.22 (0.83-1.81) 1.16 (0.7%1.74) 

(III vs I tertile) 2.18 (1.52-3.12) 1.91 (1.28-2.85) = 0.002 
S-FPG (II vs I tertile) 0.58 (0.40-0.83) 0.75 (0.51-1.13) 

(III vs I tertile) 0.85 (0.61-1.19) 0.91 (0.65-1.28) = 0.380 

a Significance of each variable in the Poisson regression model 
after adjusting for all other variables 
M-FPG, CV-FPG and S-FPG are, respectively, the mean, coef- 
ficient of variation and slope of fasting plasma glucose. Rela- 

tive risks and significance of differences were derived from 
Poisson regression analyses. Calculation of the relative risk 
for continuous variables was based on an increase in the val- 
ues of 1 SD 
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Fig.2. Kaplan-Meier estimates of survival 
probability in 566 elderly NIDDM patients 
from Verona, 1 January 1987 through 31 
December 1991. Patients were grouped in 
tertiles according to mean fasting glucose 
(M-FPG), coefficient of variation of fasting 
plasma glucose (CV-FPG) and slope of 
fasting plasma glucose over time (S-FPG) 
during the 3 years (1 January 1984 through 
31 December 1986) preceding a 5-year 
(1 January 1987 to 31 December 1991) 
mortality follow-up. The log-rank test re- 
vealed significant differences in survival 
between tertiles of CV-FPG (p < 0.001) 
and S-FPG (p < 0.01) 

cose level no t  substantially changing over time) (Ta- 
ble 4). 

Figure 1 depicts the morta l i ty  risk as a funct ion of 
both  M - F P G  and CV-FPG. It is evident  that  the in- 
crease in M-FPG,  irrespective of the category of CV- 
FPG,  did not  result  in an increase in mortality,  while 
the increase in CV-FPG did, in all categories of M- 
FPG. 

The survival analysis by the Kaplan-Meier  me thod  
was carried out  as a funct ion of M-FPG,  CV-FPG and 
S-FPG during the 3 years preceding the morta l i ty  fol- 
low-up (Fig.2). This analysis conf i rmed the results 
shown in Table 4 and Fig. 1, indicating that  in the 
overall cohort  M - F P G  had a marginal  effect on mor- 
tality, while CV-FPG and, to a minor  extent,  S-FPG 
were significant predictors of mortality. In particular, 

subjects with increased morta l i ty  were those in the 
top tertile of CV-FPG and those in tertiles I and III  
of S-FPG (i.e., tertiles represent ing subjects with a 
t rend toward higher or lower values of plasma glu- 
cose over time). 

Poisson regression model  (Table 5) showed that  
gender,  age, and CV-FPG during the 3 years preced- 
ing the morta l i ty  follow-up were significant predic- 
tors of mortality. Insulin t r ea tment  and S-FPG were 
significant predictors of mortal i ty  only when  gender  
and age, but  not  other  variables, were included in 
the model .  

A similar analysis, carried out  in a subset of 399 
subjects for an extended per iod (11 years) of retro- 
spective evaluat ion of fasting plasma glucose, yield- 
ed superimposable  results (data not  shown). 
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Discussion 

In the present study all-cause mortality was assessed 
prospectively over a period of 5 years (1987-1991) in 
a cohort of 566 elderly patients with NIDDM. The 
purpose of the study was to evaluate the relation- 
ships between mortality rates and long-term metabol- 
ic control, as assessed by the retrospective analysis of 
all fasting plasma glucose values available in the clin- 
ical records of each individual subject and measured 
in the years preceding the mortality follow-up. 

Mean fasting plasma glucose (M-FPG), coefficient 
of variation of fasting plasma glucose (CV-FPG) and 
the slope of fasting plasma glucose levels over time 
(S-FPG) in the 3 years (1984-1986) preceding the 
mortality follow-up were calculated in each indi- 
vidual subject. 

Analysis of mortality, based on sex- and age-ad- 
justed observed/expected ratios, and univariate survi- 
val analysis carried out by calculating Kaplan-Meier 
survival curves, revealed a significant excess mortal- 
ity in women in the top tertile of M-FPG, and an in- 
crease of mortality with increasing CV-FPG. Also, 
subjects of tertiles I and III of S-FPG, i.e. those with 
a trend toward lower or higher plasma glucose levels 
over time, showed a significant increase in mortality. 
Multivariate survival analysis by Poisson regression 
model showed that only CV-FPG exerts an indepen- 
dent effect on all-cause mortality. 

Interestingly, while CV-FPG was an independent 
predictor of mortality, the mean fasting plasma glu- 
cose and the slope of fasting plasma glucose over 
time were not. This might suggest that the instability 
of metabolic control, more than the severity of hyper- 
glycaemia or the progression toward higher or lower 
fasting plasma glucose levels over time, has an effect 
on survival in elderly diabetic subjects. However, it 
should be noticed that many subjects under study of 
the top tertile of M-FPG had a metabolic control still 
in the "fair" range and this might mask the effect of 
hyperglycaemia on mortality. Uusitupa et al. [17] 
have recently observed a significant effect of hyper- 
glycaemia on mortality. However, these authors did 
not evaluate glucose variability and examined young- 
er subjects who had glucose levels consistently higher 
(mean= 11.1mmol/1) than subjects of our study 
(mean = 8.5 mmol/1). In this respect, we were able to 
find an effect of M-FPG on mortality in subjects 
with M-FPG> 11.1 mmol/1 (200 mg/dl) but only 
when the multivariate analysis did not include CV- 
FPG. 

While several studies have reported that NIDDM 
is associated with an excess mortality for all causes 
[6, 9, 10, 17-19), only few data are available about 
the relationship existing between mortality and de- 
gree of metabolic control. As previously mentioned, 
a significant effect of the severity of hyperglycaemia 
on mortality in NIDDM has been reported by Uusi- 
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tupa et al. [17]. For 10 years these authors followed- 
up 133 newly-diagnosed NIDDM patients with a 
mean age o f -  55 years, and found that fasting plas- 
ma glucose values at baseline, and fasting plasma glu- 
cose and HbAlc values at 5 years were higher in dia- 
betic subjects who died during the period of observa- 
tion than in those who survived. In our study the ex- 
perimental design was different from that of the 
study by Uusitupa et al. [17]. Indeed, while these au- 
thors considered a single value of fasting plasma glu- 
cose at baseline and at 5-year follow-up, and a single 
determination of HbA lc at 5-year follow-up, we ret- 
rospectively analysed several fasting plasma glucose 
determinations over 3 years and evaluated the mor- 
tality in the subsequent 5 years. It is conceivable that 
our methodological approach gives more reliable in- 
formation about tong-term glucose control. In addi- 
tion, our study provides original information on the 
relationship between mortality and plasma glucose 
variability. To our knowledge, there are currently no 
other data available on the effect of metabolic con- 
trol on mortality in NIDDM subjects. Moreover, we 
are not aware of any study reporting the association 
between mortality and plasma glucose variability 
(i.e., glucose stability) in diabetes. Most probably 
two ongoing large national surveys (United King- 
dom Prospective Diabetes Study and Veterans Ad- 
ministration Collaborative Diabetes Study) will pro- 
vide exhaustive data on this issue, but these studies 
are still in progress [20, 21]. 

The relationship between mortality and the sever- 
ity of hyperglycaemia is generally explained by the 
notion that hyperglycaemia is a major determinant 
of chronic diabetic complications [22-25] and that hy- 
perglycaemia worsens the outcome of several disea- 
ses [26, 27]. More difficult to interpret is the relation- 
ship between mortality and glucose variability. This 
relationship could have several different interpreta- 
tions. However, a number of potential biases need to 
be preliminaril considered. First, variability in fast- 
ing plasma glucose was not a marker of a progressive 
deterioration in metabolic control, as the slope of 
fasting plasma glucose levels over time (S-FPG) was 
poorly correlated to CV-FPG (R 2 = 0.03) and was 
not independently associated with excess mortality 
in the multivariate analysis. Secondly, glucose vari- 
ability was not an epiphenomenon of poor glycaemic 
control, since there was a weak correlation between 
M-FPG and CV-FPG (R 2 = 0.06). 

The mechanisms relating glucose variability with 
mortality are unknown, but a set of hypotheses could 
be formulated. First, glucose variability could indi- 
cate erratic compliance to diabetes treatment or 
could be the expression of recurrent relapses of coex- 
isting illnesses, which might be eventually responsible 
for death. Glucose variability could also be a condi- 
tion predisposing to hypoglycaemia, which is a well- 
known risk factor for severe adverse outcomes, such 
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as trauma, stroke, myocardial infarction and arrhyth- 
mia [28]. Finally, glucose variability may precipitate 
the events leading to mortality through diabetes-re- 
lated or non-diabetes-related mechanisms. 

One might be concerned about the fact that we 
have used repeated fasting plasma glucose and not re- 
peated glycated haemoglobin determinations, which 
might provide a better estimate of overall metabolic 
control. Unfortunately, in most subjects of our co- 
hort data on glycated haemoglobin during years 
1984-1986 were not available because this parame- 
ter in that period was routinely assessed only in insu- 
lin-treated or in unstable subjects. However, we be- 
lieve that a repeated measure of fasting plasma glu- 
cose is a sufficiently reliable tool to evaluate the de- 
gree of metabolic control. 

Another concern might be related to the fact that 
we have not measured fasting plasma glucose during 
the years of mortality follow-up and, consequently, 
we cannot exclude that the degree of metabolic con- 
trol in the months immediately preceding the death 
might have been substantially different from that of 
the period of retrospective analysis of fasting plasma 
glucose. This concern would be especially stringent 
for subjects who died during the last year of follow- 
up. However, in the Kaplan-Meier analysis we ob- 
served that the effect of high coefficient of variation 
on mortality was appreciable to the same extent in 
the initial and the final part of the follow-up. More- 
over, when survival analysis with the Poisson regres- 
sion model was restricted to the first year of follow- 
up (1987) or to the last year of follow-up (1991), CV- 
FPG remained an independent statistical predictor 
of mortality. 

In the present study the duration of disease was 
rather long, and one could raise the question on 
whether a shorter duration of diabetes might modify 
the results. Indeed, it might be hypothesized that the 
degree of metabolic control (e.g., instability) may 
not be related to mortality risk when diabetes of el- 
derly subjects has a short duration. However, in the 
multivariate model CV-FPG proved to be a signifi- 
cant predictor of mortality independently of the 
duration of diabetes. 

The impact of glucose control on mortality might 
not be independent of other cardiovascular risk fac- 
tors. A complete profile of cardiovascular risk fac- 
tors was available only in about 50 % of subjects un- 
der study. When data on these cardiovascular risk fac- 
tors (blood pressure, plasma lipids, body mass index) 
were included in the multivariate analysis, CV-FPG 
remained an independent significant predictor of 
mortality. However, it is important to stress that in 
the present study we examined all-cause mortality 
and not cardiovascular mortality. 

Over the last few years several studies have raised 
the question whether endogenous hyperinsulinaemia 
[29] and/or insulin treatment [30, 31] are associated 
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with cardiovascular disease and, eventually, mortal- 
ity. In our study, we observed that subjects treated 
with insulin had sex- and age-adjusted relative risk 
of death higher than those not treated with insulin. 
However, this risk, although still remarkable (1.61), 
was no longer statistically significant when the regres- 
sion model included M-FPG, CV-FPG and S-FPG. 
The loss of significance when all variables were in- 
cluded in the model might be merely a consequence 
of the small number of insulin-treated subjects in the 
cohort. Alternatively, insulin treatment may be asso- 
ciated with excess mortality because it was given to 
subjects with the worse metabolic control, rather 
than being a direct effect of insulin. In other words, 
insulin treatment given to control glucose levels 
would track hyperglycaemia and/or glucose variabil- 
ity. 

The present study suggests that in elderly NIDDM 
mortality, i. e. an unquestionable end-point, is related 
to glucose variability more than to the degree of 
metabolic control. The latter point seems to be of 
particular interest, since tight metabolic control is 
now recommended to prevent chronic complications 
in insulin-dependent diabetes [22], and at present 
there is considerable debate on how the DCCT data 
can be extended to NIDDM [32, 33]. Our results sug- 
gest that, at least in elderly NIDDM subjects, the tar- 
get of therapy could be more conservative than in 
younger insulin-dependent diabetic patients. Indeed, 
it seems that fasting plasma glucose levels ranging 
from 7-10 mmol/1 (140-180 mg/dl) are acceptable in 
terms of survival probability, provided that glucose 
variability is kept as low as possible. In conclusion, 
our data suggest that glucose stability needs to be 
considered along with the level of metabolic control 
when treating elderly NIDDM patients. 
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