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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT
Background: Relationship between quality of life (QOL) and haemoglobin A1c (HbA1c) amongst diabetics in

the community setting is unclear.

Aims: Assess the association between QOL and change in HbA1c in diabetic patients over one year.

Settings and Design: Cohort study of patients from four community clinics in California, USA.

Methods: Diabetic patients identified from databases using International Classification of Disease (ICD-9)

codes were asked to complete Short Form 36 (SF-36), which measures health-related QOL, and invited to

attend monthly diabetes workshops. From December 2000 to December 2001, data were collected on multiple

parameters, including HbA1c. SF-36 surveys were re-collected at project termination.

Statistical Analysis: Regression analysis was used to correlate change in HbA1c with change in QOL physical

component summary (PCS) and mental component summary (MCS) scores, while considering potential

confounders.

Results: Of 1679 eligible patients, 380 completed SF-36 at project initiation. 243 of those completed SF-36 at

project termination. Pre and post HbA1c data were available for 170 of the 243 who completed SF-36 at both

times. Average MCS increased by 8.46% and PCS decreased by 2.24%. After adjustment, a 5% decrease in

HbA1c values was associated with a 1% increase in MCS. No association between changes in HbA1c and

PCS was observed.

Conclusions: Association between better HbA1c and improved mental, but not physical, QOL may reflect

physical inconvenience of increased regimen complexity and mental empowerment from proactive disease

management. Larger cohort studies with longer follow-up are needed to further elucidate the relationship

between glycemic control and QOL.
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aemoglobin A1c (HbA1c) levels, which reflect diabetic
control, are inversely correlated with diabetic compli-

cations.1,2 Directly quantifiable endpoints, such as microvas-
cular disease, macrovascular disease and laboratory values, are
typically assessed.3,4 However, these do not reflect patient’s
quality of life (QOL). Furthermore, physician ratings of pa-
tient health do not correspond with patient ratings.5 Since
optimizing QOL is a major goal of treatment, the relationship
between traditional measures of diabetic control and patient-
perceived QOL should be elucidated.6,7

The relationship between glycemic control and QOL is un-
clear. A randomised controlled double-blind trial showed that
improved HbA1c was associated with short-term improvement
in QOL and economic benefits in Type II diabetes.8 Several
studies showed no association.9-12 The Diabetes Control and
Complications Trial Research Group, which developed the
Diabetes QOL measure (DQOL), showed no difference in
QOL between intensive and conventional Type 1 Diabetes
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treatment groups, though the intensive treatment group had
fewer microvascular complications and better HbA1c levels.15-

17 Studies using other measures have shown non-linear rela-
tionships or relationships within a subset of patients.5,16-23 The
calibrated difference in QOL between patients whose HbA1c
decreases by 1.5 percentage points and those whose HbA1c
increases by 1.5 percentage points may approach 50%.24

Studies showing significant relationships tend to employ dis-
ease specific QOL measurements such as the DQOL, as op-
posed to general surveys like Short Form 36 (SF-36).25 SF-36
provides more information about functional health status than
DQOL, is appropriate for examining relationships between
patient experience with diabetes, QOL and other chronic dis-
eases, and is reliable and valid in assessment of diabetic health
status.26-29 In this study, the relationship between glycemic con-
trol and QOL as measured by SF-36 was evaluated over one
year. Since reduced symptoms of hyperglycemia may produce
QOL benefits even over this short period, we hypothesised an
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inverse association between QOL and HbA1c over time.

Materials and Methods

The Institutional Review Board of St. Joseph Hospital, California,
approved this study. Two proprietary databases were used to identify
subjects. The first was that of the St. Joseph Heritage Medical Group,
which consists of four clinics in Orange County, California, and the
second was of La Amistad Family Health Center in Orange, Califor-
nia. Databases were searched for ICD-9 codes corresponding to a
diagnosis of Diabetes Mellitus (DM) (250.0–250.9). 2114 patients
with a diagnosis of DM were identified. Of the 2114, 435 patients
were not eligible for various reasons: changed providers (106), died
(31), disability (17), hospitalized (7), incorrect address (51), incor-
rect phone number (104), moved location (22), under 18 years of age
(16), incorrect diagnosis (81). Consent letters were sent to the 1679
patients eligible for the study. 380 (22.6%) patients agreed to partici-
pate. (Figure 1).

As part of the St. Joseph Health System’s Diabetes Disease Manage-
ment Project, data were collected for subjects between December
2000 and December 2001. During this period, participants and non-
participants were invited to monthly education workshops and pro-
viders attended monthly physician education conferences led by an
endocrinologist. At initiation and completion of the project, QOL
surveys (including SF-36) were collected from participants via phone.
Medical chart abstraction of baseline data on the 380 participants
was started in July 2000. To obtain comparative baseline data on non-
participants, data on the 946 initially identified non-consenting pa-
tients (353 incomplete charts were rejected) were also abstracted. At
project completion, percent change in QOL measures was correlated
with percent change in HbA1c levels over the study course.

Quality of Life: Health-related QOL for participants was measured
using SF-36. SF-36 includes eight individual sub-scales (physical func-
tion, physical role, emotional role, social function, bodily pain, men-
tal health, vitality and general health perceptions), one extra item
(change in health status since last year) and two summary scales
(physical summary and mental summary). A higher SF-36 score indi-
cates better functioning. SF-36 was administered to project partici-
pants prior to initiation and at the completion of the project. Data
obtained from SF-36 were scored via the instrument, authors’ scor-
ing algorithm, which does not simply average the domains, but in-

volves several normalizations and transformations.30 Due to attrition,
paired (pre/post) SF-36 data on 243 (out of 380) project participants
were available. Differences between pre and post SF-36 physical and
mental composite scores (PCS and MCS) were computed and then
converted into percent change scores for analysis.

Glycosylated haemoglobin: Glycosylated haemoglobin was measured
as HbA1c, the preferred standard for assessing glycemic control.31

Data on all study patients who underwent HbA1c testing during cal-
endar year 2001 were collected. These data were matched with HbA1c
baseline data (extracted from charts) to identify patients with at least
two available values: one at baseline (within 6 months before project
initiation) and another during 2001. Chart extraction revealed that
243 (of 380) patients had a valid HbA1c value taken within six months
of project initiation, while 264 (of 380) patients underwent HbA1c
testing during the 12-month study period. Paired pre and post HbA1c
values were available for 170 of the 243 patients with pre and post
SF-36 data. Change in HbA1c values, the difference between the
baseline and terminal value, were computed for each of these 170
patients. HbA1c change scores were converted into percent change
scores for analysis.

Other Factors: To compare the profiles of participants and non-par-
ticipants, as well as to control for possible confounders, several other
factors were measured. These were age, gender, ethnicity, diabetes
type, health education class attendance, weight, body mass index,
obesity (body mass index >30 kg/m2), mean arterial pressure, lipid
profiles, home glucose monitoring, foot exam within one year, retinal
exam within one year, retinopathy, neuropathy, and number of
comorbidities.32 To assess the number of comorbidities present, charts
were evaluated for diagnoses or evidence of the following ten condi-
tions: 1) Angioplasty, 2) Coronary artery bypass surgery, 3) Coronary
artery disease, 4) Congestive heart failure, 5) Hypertension, 6) Pe-
ripheral vascular disease, 7) Obesity, 8) Stroke, 9) Erectile Dysfunc-
tion and 10) Dyslipidemia.

Statistical Analysis
Regression models were used to evaluate the impact of change in
HbA1c and all other factors on change in SF-36 physical and mental
component scores. To minimize ‘regression to the mean effect’, a
weighted regression model was used. The standard deviation of the
SF-36 scores (computed from pre and post scores) was used to com-
pute analytic weights for regression models. (Assigned weights were
inversely proportional to standard deviation).

Use of a Fractional Polynomial (FP) Regression model was required
to accommodate the non-linear association between SF-36 PCS per-
cent-change scores and MCS percent-change scores.33,34 The purpose
of FP functions is to increase flexibility afforded by the family of
conventional polynomial models. Although polynomials are popular
in data analysis, linear and quadratic functions are severely limited
in their range of curve shapes, whereas cubic and higher order curves
often produce undesirable artifacts, such as “edge effects” and
“waves.”

To find the best powers for the FP model, 44 model iterations were
conducted. As a result, the variable representing percent-change
scores(PCS) was rescaled and split into two FP terms: fractional pow-
ers equal 0.50 and 1.00, respectively. Rescaling is implemented to
improve numerical stability when fitting FP models (details on
rescaling are available from authors upon request). An F-test was used
to evaluate the joint statistical significance of the two FP terms in
the model. Finally, Ramsey’s Test35 was used to check for model
misspecification and Cook-Weisberg Test36 for homogeneity of model
variance.
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Figure 1: Flow Chart Depicting Subject Selection Scheme
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As the time intervals between pre and post HbA1c values varied over
the study sample, a vector was included in the FP Regression model
to control for this varying time interval between HbA1c testing. The
time interval was measured as the number of calendar days between
pre and post HbA1c testing.

Results

Participants and non-participants significantly differed on 9
of 20 indicators compared (see Table 1). Note that groups do
not differ on baseline HbA1c, but that study subjects attended
significantly more health education classes than non-partici-
pants.

A total of 243 patients completed SF-36 at initiation and ter-
mination of the project. 137 patients who did not complete
SF-36 at project termination showed no statistically signifi-
cant differences in their baseline values for the following vari-
ables: age, gender, race/ethnicity, presence of microvascular
diabetic complications (retinopathy, neuropathy, nephropathy),
presence of more than two co-morbid conditions, HbA1c val-
ues, lipid panel values and baseline scores on SF-36 sub-scales
or summary measures. Bias due to attrition is thus unlikely, at
least with respect to the factors listed above.

SF-36 Mental health composite and sub-scale scores increased
significantly during the study period for the 243 patients with
pre and post data. In contrast, no significant change was ob-
served in the Physical health composite and sub-scale scores
for these 243 patients. Table 2 shows results on summary-scales
and sub-scales of SF-36. Note that SF-36 ‘norms’ established
for the U.S. general population with diabetes report a mean
score of 39.30 for the physical component and 47.90 for the
mental component.31 Comparison of means observed in this
study with the U.S. norms show that the baseline MCS mean
score of 44.45 is significantly lower than the U.S. norm of 47.90.
In contrast, the baseline PCS mean score of 45.13 is signifi-
cantly higher than the U.S. norm of 39.30. A salient result is
that the mean change of 3.76 in MCS scores observed during
this study is significantly higher than 0.18, the ‘norm’ for one-
year MCS change scores reported for the U.S. general popula-
tion with diabetes.30 The mean change in SF-36 scores for the
170 patients with available data on pre and post HbA1c is not
significantly different from the 73 patients who lack such
matching data.

Mean HbA1c values decreased significantly during the study
period. For the 170 study patients with matching HbA1c data,
mean HbA1c values decreased by 1.61 percentage points, from
8.81% at baseline to 7.20% at termination (p <.0005). Mean
pre-study HbA1c values do not differ significantly between
these 170 patients with matching data versus the 73 patients
who lack such matching baseline data. Similarly, mean post-
study HbA1c values do not differ significantly between these
170 patients with matching data versus the 73 patients who
lack such data at project termination. Furthermore, there was

Table 1: Characteristics of Participants and Non-Participants at

the Diabetes Project’s baseline period.

Variable Study Non-
Subjects Participants

Sample size (n) 170 946

Age, mean (yrs.) 56.5 (.885) 56.1 (.384)

Gender, female (%)  65.9* (.036) 47.5 (.016)

Race/ethnicity, Hispanic (%)  45.3* (.038) 17.5 (.012)

Diabetes type (% Type II) 84.1 (.028) 83.9 (.012)

Health education classes attended (%)  48.2* (.038) 26.4 (.014)

HbA1c, mean (%)  8.8 (.188)  8.5 (.0748)

BMI, mean (kg/m2) 31.8 (.703) 32.3 (.275)

Mean arterial pressure, mean (mm/Hg)  93.6* (.834) 97.4 (.368)

Low density lipoprotein, mean (mg/dL) 113.6* (2.75) 119.3 (1.21)

High density lipoprotein, mean (mg/dL) 44.5 (.950) 43.4 (.439)

Triglycerides, mean (mg/dL) 183.3* (9.04) 223.0 (6.19)

Total cholesterol, mean (mg/dL) 194.0* (3.31) 204.0 (1.43)

Comprehensive foot exam within the 35.9* (.037)  43.9 (.016)

past 365 days (%)

Dilated retinal exam within the past 27.7 (.034)  24.8 (.014)

365 days (%)

Obesity, BMI>30 kg/m2 (%) 51.7 (.038)  54.5 (.016)

Charts with home monitored blood  39.4 (.037)  34.9 (.015)

glucose values (%)

Diagnosis of retinopathy (%)  8.3 (.021)  11.1 (.010)

Diagnosis of neuropathy (%)  6.9 (.019)  3.7 (.006)

Diagnosis of nephropathy (%)  7.6 (.020)  10.0 (.010)

Patients with more than two comorbid  46.5* (.038)  64.9 (.016)

conditions (%)

Standard errors of the mean are shown in parentheses. *Participants

significantly different from Non-Participants, p<0.05.

Table 2: Average change in SF-36 scores from Baseline to the Diabetes Project Termination (n = 243).

SF-36 sub-scale Baseline mean score Termination mean score Change in mean score
(standard error of the mean) (standard error of the mean) (percent change in mean score)

Physical Functioning (PF) 72.06 (1.78) 71.21 (1.78) -0.85 (-1.18%)

Role Physical (RP) 64.27 (2.67) 68.21 (2.51) 3.94 (6.13%)

Bodily Pain (BP) 65.21 (1.79) 66.44 (1.76) 1.23 (1.89%)

General Health (GH) 56.69 (1.55) 56.26 (1.48) -0.43 (-0.76%)

Vitality (VT) 48.18 (0.89) 55.34 (1.51)  7.16 (14.86%)*

Social Functioning (SF) 78.48 (1.62) 76.81 (1.71) -1.67 (-2.13%)

Role Emotional (RE) 70.07 (2.52) 69.75 (2.53) -0.32 (-0.46%)

Mental Health (MH) 58.42 (1.50) 70.66 (1.36)  12.24 (20.95%)*

SF-36 composite scale

Mental Component Summary† 44.45 (0.63) 48.21 (0.68)  3.76 (8.46%)*

Physical Component Summary‡ 45.13 (0.65) 44.12 (0.73) -1.01 (-2.24%)

*Change in score statistically significant, p < 0.05. †Mental Component Summary: see Ware and Kosinski (reference 30), Appendix C, 170-171.
‡Physical Component Summary: see Ware and Kosinski (reference 30), Appendix C, 170-171.
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no correlation between SF-36 scores and baseline HbA1c.

Though HbA1c levels decreased on average, there was no sig-
nificant change in PCS scores during the project. Therefore,
no further analysis of change in PCS scores was undertaken.
Comparison of initial and terminal SF-36 scores reveals sig-
nificant improvements in the vitality and mental health sub-
scales, as well as the MCS scores. Changes in HbA1c level,
gender, percent-change in PCS scores, and QOL’s baseline MCS
scores are significant predictors of percent-change in MCS
scores. In contrast, age, race, presence of diabetic complica-
tions, number of co-morbidities and health education class
attendance have no significant impact on percent-change in
MCS scores. Similarly, time interval elapsed between pre and
post HbA1c testing is not a significant predictor of percent
change in MCS scores. The relationship between change in
QOL and component SF-36 scores is consistent with these
findings. For example, the mental health and vitality compo-
nents of MCS are statistically significantly related to change
in HbA1c.

Table 3 shows detailed results of the FP Regression model used
to accommodate the non-linear association between SF-36
PCS and MCS percent-change scores. After adjusting for base-
line MCS scores via weighting, gender, and change in PCS
scores, on average, a 5% (not percentage points) decrease in
HbA1c is associated with a 1% increase in SF-36 MCS scores.
On average, the difference between male and female subjects’
percent-change in MCS scores is 15%, with females showing
greater improvement. The relationship between percent-
change in PCS and MCS scores is non-linear, but generally
positive in direction. For the most part, an increase in PCS
percent change scores is associated with an increase in MCS
percent change scores. Adjusted R-square for the FP Model
equals 0.2452 [F (4,166)=14.48, p<0.0005], indicating that
the model is well calibrated and fits better than what would
be expected due to chance.

Discussion

As hypothesised, a decrease in HbA1c values was associated
with a concomitant improvement in MCS scores over the study
period. However, there is no evidence that a decrease in HbA1c
values is associated with concomitant changes in PCS scores
over one year.

Increased regimen complexity required to achieve better
glycemic control may negatively impact patients’ perception
of physical QOL. This may negate the potential for improve-
ment in physical QOL due to better glycemic control over a
one-year period, which is brief compared to the chronic course
of diabetes. It is also plausible that an increased sense of em-
powerment, which facilitates coping, positively impacts the
mental component of QOL.37-38 The significant and positive
association between the change in PCS and MCS scores sug-
gests that the concomitant improvement in mental QOL and
decreased glycemic levels may be partially mediated through
an improvement in physical QOL.

Baseline PCS and MCS scores may impact the observed change
in scores. Our sample’s mean baseline PCS score is signifi-
cantly higher than that of the U.S. diabetic population, sug-
gesting a possible ceiling effect. In contrast, the mean base-
line MCS score is significantly lower than that of the U.S. dia-
betic population, availing it to catch-up growth. Nonetheless,
reduction in symptoms of hyperglycemia, reflected by de-
creased HbA1c, might still increase PCS scores.

Clinical significance of these findings is uncertain. Consist-
ency with a previous randomised controlled trial suggests that
they may be pertinent in the community clinic setting.8 Pa-
tients with high initial HbA1c levels may, on average, realize
greater improvements in MCS than those with a lower HbA1c
level. However, study duration precludes formulation of long-
term conclusions. Thus these findings provide stimulus for
further research, rather than clinical recommendations.

Due to observational design, causal interpretation of the re-
sults is not possible. Participants and non-participants differ
significantly on half of the 20 indicators compared. For exam-
ple, participants are more likely to be Hispanic than non-par-
ticipants due to differential attrition amongst clinics. Though
the model considered these factors, data are likely still insuffi-
cient to draw conclusions. Furthermore, co-morbidities affect-
ing QOL, but independent of diabetes, were not considered in
the model due to data limitations. Thus, although participants
and non-participants are similar in some of the most impor-
tant determinants of health related QOL, different populations
may manifest a different relationship.39

Furthermore, attrition or selection bias could bias results. For-
tunately, this is unlikely since the analysis revealed no signifi-
cant difference in pertinent factors between patients that com-
pleted SF-36 only at baseline compared to patients who com-
pleted SF-36 at both time points. The 137 patients who did
not complete SF-36 at project termination show no statisti-
cally significant differences in their baseline values for: age,
gender, race/ethnicity, presence of microvascular diabetic com-
plications (retinopathy, neuropathy, nephropathy), presence of
more than two co-morbiditites, attendance of health educa-

Table 3: Fractional Polynomial Regression Model Results.

Dependent variable = Percent Change in SF-36 Mental Composite

Scores

Variable Coefficient Std. Error T-ratio P>|T|

Females * 14.04 4.32 3.25 .001

HbA1c † -0.21 0.10 -2.05 .042

PCS-a ‡ 150.48 83.06 1.81 .072Q#

PCS-b § -142.90 51.11 -2.80 .006#

*Coded 1 for Females and 0 for Males.

†Percent change in HbA1c between baseline and terminal values.

‡SF-36 Rescaled Physical Composite scores: First fractional

polynomial term (fractional power = 0.50).

§SF-36 Rescaled Physical Composite scores: Second fractional

polynomial term (fractional power = 1.00).

#F-test for joint probability of significance: F(2, 166) = 12.30, P

<.0005.
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tion classes, HbA1c values, lipid panel values and baseline
scores on SF-36 sub-scales or summary measures.

Finally, lack of a formal comparison group makes it difficult to
attribute changes in QOL scores to changes in HbA1c levels.
The observed relationship may be due to external environmen-
tal factors occurring contemporaneously. However, this study
recruited patients from two very different clinical settings
(managed care versus community clinic). Since the same sta-
tistical relationship between QOL and HbA1c was observed
across these two groups, the chance of external environmental
factors affecting the observed relationship is slight.

A larger cohort study with minimal selection bias and longer
follow-up would generate more clinically relevant findings and
help elucidate the causal relationship between glycemic con-
trol, QOL and interventions. A larger sample facilitates more
thorough consideration of confounders. Increased study dura-
tion might reveal a different relationship between QOL and
diabetic control since benefit of fewer micro and macro-vas-
cular complications takes many years to reap, while the incon-
veniences associated with tighter control are immediately ap-
parent. Physical QOL parameters, which initially decreased,
may actually improve with time. Mental QOL may manifest
larger and more significant improvements.

Conclusion

Improved diabetic control is associated with improved men-
tal, but not physical, QOL over a one year period in the com-
munity setting. This may reflect both mental empowerment
garnered from proactive disease management and the burden
of more complex anti-diabetic regimens. Larger, longer-term
cohort studies are needed to further evaluate the relationship
between glycemic control and QOL in the community. Since
QOL has implications for productivity, psycho-social function-
ing and overall health, physicians must be cognizant of pa-
tient-perceived QOL when managing DM.40,41
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The long-term benefit of glycemic control in diabetes mellitus
is to reduce the risk of complications (e.g., cardiovascular dis-
ease, nephropathy, neuropathy).1 2 Since these complications
are known to reduce (health-related) quality of life (QOL),3 4

intensified glycaemic control is an important way to reduce
risk of complications and improve QOL. However, what is the
short-term effect of glycaemic control on QOL? In their one-
year cohort study of the “Association between glycaemic con-
trol and quality of life in diabetes mellitus”, Lau et al5 ob-
served an improvement in mental QOL but not physical QOL
following reduction in HbA1c. While one is tempted to infer a
cause-effect relationship, it is worthwhile to contemplate on
other possible reasons for this finding. Possible explanations
include chance, bias, and a non-causative association. Although
the p-value of 0.042 is smaller than alpha=0.05, it indicates a
4.2% chance of seeing these results given no association be-
tween HbA1c and mental QOL. A larger sample size would
resolve this problem. The association may also be due to bias
(particularly selection bias). Despite some comparability in pa-
tient characteristics between study population and source
population, it is still possible that the study population is un-
representative of all patients. Minimal attrition and not a larger
study population would rectify this; integration of QOL meas-
urements into daily practice could also help.6 A third explana-
tion is a non-causative association. Such an association be-
tween change in HbA1c and change in mental QOL is possi-
ble, since lifestyle changes and therapy may influence both
parameters.

Nevertheless, a causative association may be argued (e.g., based
on biological plausibility). The relationship between HbAlc
and QOL would not be linear in form but perhaps more an
inverted U-curve, where either hypoglycaemia or hyperglycae-
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mia would reduce QOL. Improvement in QOL would likely
be greatest in cases of severe hyperglycaemia.

More research is needed to map out the relationship between
glycaemic control and short-term QOL. As Lau et al suggest,
cohort studies would be valuable here. In addition, such re-
search would benefit from a better understanding of possible
mechanisms (both biological and psychosocial) for how gly-
caemic control might affect short-term QOL. For example,
the lack of association with physical QOL is curious and may
be explained in various ways. Adoption of existing models will
still require careful consideration of the dynamics of diabe-
tes.7
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