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 Abstract 
  Objective.  Improving glycaemic control is generally supposed to reduce symptoms experienced by type 2 diabetic patients, 
but the relationships between glycated haemoglobin (HbA 1c ), diabetes-related symptoms, and self-rated health (SRH) are 
unclarifi ed. This study explored the relationships between these aspects of diabetes control.  Design.  A cross-sectional study 
one year after diagnosis of type 2 diabetes.  Subjects.  A population-based sample of 606 type 2 diabetic patients, median age 
65.6 years at diagnosis, regularly reviewed in primary care .   Main outcome measures.  The relationships between HbA 1c , dia-
betes-related symptoms, and SRH.  Results.  The patients ’  median HbA 1c  was 7.8 (reference interval: 5.4 – 7.4 % at the time 
of the study). 270 (45.2%) reported diabetes-related symptoms within the past 14 days. SRH was associated with symptom 
score ( γ   �  0.30, p  �  0.001) and HbA 1c  ( γ   �  0.17, p  �  0.038) after correction for covariates. The relation between HbA 1c  and 
symptom score was explained by SRH together with other confounders, e.g. hypertension ( γ   �  0.02, p  �  0.40). The relation 
between the symptom  fatigue  and SRH was not explained by symptom score and signifi cantly modifi ed the direct association 
between symptom score and SRH.  Conclusions.  Symptom relief may not occur even when HbA 1c  level is at its lowest aver-
age level in the natural history of diabetes, and symptoms and SRH are closely linked. Monitoring symptoms in the clinical 
encounter to extend information on disease severity, as measured e.g. by HbA 1c , may help general practitioners and patients 
to understand the possible impact of treatments and of disease manifestations in order to obtain optimum disease control.  

  Key Words:   Family practice  ,   glycosylated haemoglobin A  ,   health status  ,   signs and symptoms  ,   type 2 diabetes mellitus   

 Patients with type 2 diabetes mellitus (T2DM) are com-
monly treated in general practice where treatment 
typically aims to improve glycaemic control in order 
to prevent complications [1], reduce symptom bur-
den, and improve perceived health [2]. Moreover, the 
experience of obtaining these goals may improve patients ’  
motivation for treatment adherence, e.g. lifestyle 
changes and medication [3,4]. 

 Poor glycaemic control is related to symptoms such 
as frequent urination, genital itching, and unintended 
weight loss [5,6]. The association between glycated 
haemoglobin (HbA 1c ) levels and specifi c symptoms 
is not necessarily close [7,8] except among dysregu-
lated patients, e.g. at the time of diagnosis [5] or in 
patients with longstanding diabetes [2,6]. Despite the 
central role of symptom amelioration in treatment, 

few studies have looked into the relation between 
HbA 1c  level and symptoms when HbA 1c  is supposed 
to be at its lowest average level in the natural history 
of diabetes [7,9]. 

 General practitioners (GPs) and patients may eval-
uate the patient ’ s health differently [10]. The associa-
tion between the patient ’ s HbA 1c  level and perceived 
health is weak [2], or non-existent [1,11]. The patients ’  
perceived health gauged by a single question, known 
as perceived health, self-assessed health, or self-rated 
health (SRH), has been shown to vary with other fac-
tors than HbA 1c  such as symptoms [12,13], sociode-
mographic factors [14], comorbidities [14–16], and 
functional ability [12,14]. Recent research has shown 
that SRH predicts which patients have a higher risk 
of diabetic complications even after accounting for 
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established risk factors such as HbA 1c , but this pre-
dictive value may be mediated by presence of symp-
toms which were not accounted for [16]. Yet the 
relationships between HbA 1c  and symptoms, both of 
which are important treatment targets, and SRH, 
which is a motivational factor for treatment adher-
ence [2,3], are unclarifi ed. A better insight into these 
relationships may help GPs to tailor treatments such 
as to maintain or improve patients ’  health, which 
may include motivating the patient for treatment 
adherence. 

 In a population-based sample of patients with 
T2DM seen in general practice one year after diabe-
tes diagnosis we examined the relationships between 
HbA 1c , symptoms, and SRH primarily to see whether 
high HbA 1c  levels are associated with many symp-
toms and low SRH ratings, and whether many symp-
toms are associated with low SRH ratings.  

 Material and methods 

 This is a cross-sectional study performed one year after 
diabetes diagnosis in the intervention group patients 
participating in the Danish randomized trial  “ Diabetes 
Care in General Practice ”  [17].  

 Study population 

 Of 894 eligible newly diagnosed diabetic patients, 
693 remained in the study until one year after diag-
nosis. Of these, 606 completed a patient questionnaire 
(Figure 1). At diagnosis, the 87 (12.5%) non-
responders ’  SRH, sex, age, employment status (work-
ing vs. not working), occupation, educational level, 
HbA 1c , blood glucose, and prevalence of diabetic retin-
opathy, ischaemic heart disease, peripheral vascular 
disease, and albuminuria did not differ from respond-
ers ’  but more responders were skilled workers. 

 The GPs were instructed to give structured per-
sonal care, which included individualized goal-setting 
for important risk factors, supported by prompting 
of doctors one month before the next expected con-
sultation (the GPs were asked to see patients quarterly 
and screen them annually for diabetic complications), 
short clinical guidelines, and feedback on individual 
patients [17]. 

To reduce complications, lowering of HbA1c is a 
primary objective in diabetes care.

Many patients experience diabetes-related sym- •
ptoms in spite of acceptable glycaemic control.
These symptoms are closely related to poor  •
SRH while the association with HbA1c is weak.

 The protocol of the study was approved by the 
ethics committee of Copenhagen and Frederiksberg, 
and all patients gave informed consent.   

 Measurements 

 Immediately after inclusion in the study, the GP 
recorded the following patient characteristics: body 
height, sense of touch of cotton wool and pin prick 
on both feet, pulses on feet, diagnostic fasting plasma 
glucose, presence of patellar refl exes, amputation of 
leg or part of it, history of myocardial infarction and 
stroke causing hospitalization, and drug treatment. A 
fasting blood sample was drawn. In questionnaires 
the patients gave information regarding angina pec-
toris, intermittent claudication, lifestyle, cancer dis-
ease, and sociodemographic factors [17]. 

 At the one-year consultation body weight without 
shoes and outer garments, blood pressure by routine 
methods after a 10-minute rest in the sitting position, 
and antidiabetic treatment were recorded. A fasting 
blood sample was drawn, a freshly voided morning urine 
sample collected, and the patient was referred to a 
funduscopy by a practising ophthalmologist. Measure-
ment of HbA 1c , fasting blood glucose, and urinary 
albumin concentration were centralized [17]. Through-
out the study, fraction of HbA 1c  was determined by 
the same ion-exchange, high-performance liquid chro-
matography method (HPLC) at Odense University 
Hospital. Samples from 100 blood donors (age 20 – 80 
years, 33 men, 67 women) were analysed, and the ref-
erence interval (mean  �  2SD) was calculated to be 
5.4 – 7.4%. Quality assurance was obtained with com-
mercial control preparations from Bio-Rad. In October –
 December 1995, the mean (SD) of low (n  �  24) and 
high (n  �  29) control samples were 6.7 (0.31)% and 
10.4 (0.63)%, respectively, resulting in coeffi cients of 
variation (CV  �  SD � 100/mean) of 4.6% and 6.0%. 
This method was later compared with a newer HPLC 
method (an automated HbA 1c  analyser, Tosoh G7) 
which is DCCT-aligned using calibrators from the 
European Reference Laboratory for Glycated Hae-
moglobin (ERL). The association between the two 
methods, which is approximately linear (R 2   �  0.9049, 
n  �  484, p  �  0.0001), is expressed with the following 
algorithm: The current method  �  0.268  �  1.072 � 
the DCCT-aligned method [9]. This indicates that 
the reference range in this study of 5.4 – 7.4% may be 
translated into 4.8 – 6.7% using a DCCT-aligned 
method. In the latest Danish clinical guidelines for 
diabetes the recommended level of HbA 1c  is  �  6.5% 
which corresponds to approximately  �  7.2% with the 
method used in the present study. Furthermore, at 
the one-year consultation the GPs handed out a 
patient questionnaire (no reminders were issued). 
Due to delay from the study coordinating centre 198 
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patients received this at a later three-monthly follow-
up. Diabetes-related symptoms were recorded with a 
multiple-response question:  “ Have you noticed your 
diabetes within the past 14 days? ”  The response cat-
egories comprised an open-ended category and six 
symptoms (the most frequent symptoms at diagno-
sis) considered to be related to hyperglycaemia 
[5,18]. The patients gave information on their SRH 
by answering the question:  “ In general, how would 

you rate your health at present? ”  The response cat-
egories were  “ very good ” ,  “ good ” ,  “ fair ” ,  “ poor ”  and 
 “ very poor ” .   

 Statistical analysis 

  “ Very poor ”  and  “ poor ”  SRH were combined in the 
analyses since very few patients rated their health as 
very poor. The closest usable HbA 1c  measured up to 

Primary Exclusions:
Severe somatic disease (n=40)
Mental illness (n=32)
Declined to consent (n=35)

Secondary Exclusions:
Diagnosis not confirmed (n=26)

Exclusion for analysis 1 year after 
time of diagnosis:
Died before completion of 1-year 
follow-up (n=38)
Withdrew consent (n=6)
Lost to follow-up (n=7)
Type 1 diabetes (n=17)

Non-responders to the patient 
questionnaire (n=87)

Patient questionnaire responders
(n=606)

Patient recruitment over three years by 243 intervention doctors
Inclusion criteria:
1) Diabetes mellitus diagnosed from 1 March 1989 to 28 February 1992.
2) Based on hyperglycemic symptoms and/or raised blood glucose values measured in primary health 

care, the diagnosis was established by a single whole blood or plasma glucose concentration > 7.0/8.0 
mmol//l.

3) Age 40 years or older at diagnosis.

Eligible patients
(n=894)

Structured personal care
(n=761)

Study population 1 year after time of 
diagnosis  who got a patient questionnaire 

(n=693)

Figure 1. Flow of participants through study.
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120 days after the patient questionnaire was chosen. 
If no measurement was found, the closest HbA 1c  
measurement up to 60 days before the questionnaire 
time was chosen. The responses to the open-ended 
symptom category were heterogeneous and aggre-
gated into  “ other symptoms ” . A symptom score was 
constructed by adding together positive answers to 
the seven categories in the symptom question. A  χ  2 -
test or a Kruskal-Wallis test was used for assessment 
of bivariate association. We used a Mantel-Haenzel 
 χ  2  trend test to investigate monotonicity for categori-
cal variables. 

 We analysed the three associations between HbA 1c , 
symptom score and SRH, conditional on possible 
confounders (listed in Table I, oral hypoglycaemic 
agents and insulin were merged in the analyses) with 
partial  γ  rank correlation coeffi cients [19]. A value of 
the coeffi cient different from zero, tested with a per-
mutation test [20], indicates that an observed bivar-
iate relationship is not explained by confounding of 
other variables in the model. A minimal set of variables 
that is controlled for in each case was determined by 
backwards elimination (p  �  0.10) of insignifi cant rela-
tionships involving possible confounders following 
an extensive literature search; consequently, such a 
minimal set is viewed to confound the relationship 
under study. 

 To investigate infl uences of the individual symp-
toms beyond those captured in the symptom score, a 
graphical Rasch model [21] was constructed in which 
we identifi ed signifi cant item biases and local depen-
dencies between the individual symptoms, and their 
effect on the relationships between HbA 1c , symptom 
score and SRH by backwards elimination (p  �  0.05). 

 The statistical analyses were performed with SAS 
software version 9.1 (SAS Institute, Cary, NC) and 
the statistical software DIGRAM [22].    

 Results 

 At diagnosis, the responders ’  median fasting plas ma-
glucose was 13.5 mmol/l and median HbA 1c  was 9.9%. 
At one-year follow-up median HbA 1c  was 7.8% (ref-
erence range: 5.4 – 7.4%, Table I). Most of the patients 
had their HbA 1c  measurement before the patient ques-
tionnaire (median distance:  – 1 day (IQR:  – 6 – 0)). HbA 1c  
information was missing in 105 cases because patients 
received the questionnaire too long after the one-year 
follow-up for the measurement to be relevant. 

 Symptoms were common especially among women 
(Table II) and patients with low SRH rating (Table III). 
No statistically signifi cant association was found between 
symptom score and HbA 1c  level (Table II). 

 In contrast, SRH deteriorated with increasing 
HbA 1c  levels (see Table III). No statistically signifi -
cant relation was found between age, sex, and SRH. 

Table I. Characteristics of patients with type 2 diabetes one 
year after diagnosis.

Variable n
Prevalence (%) 

or median

Men (%) 606 52.2
Median age (years) 606 65.6
Age (years) in groups (%)

�50 10.7
�50–60 22.8
�60–70 30.0
�70–80 28.1
�80 8.4

Cohabiting1 (%) 601 69.5
Leisure-time physical activity1 (%), 

low/moderate/high
599 27.1/65.8/7.2

Smoking habits1 (%), current/
previous/never

600 34.7/33.7/31.7

Self-rated health (%) 603
Very good 21.9
Good 44.0
Fair 31.0
Poor/very poor 3.2

Number of diabetes-related 
symptoms (%)

597

0 54.8
1 19.6
2 12.1
3–6 13.6

Type of diabetes-related symptoms (%) 597
Frequent urination 20.3
Abnormal thirst 11.4
Fatigue 25.5
Weight loss 5.5
Visual disturbances 13.1
Genital itching 9.6
Other symptoms 6.9
No symptoms 54.8

Median HbA1c
2 (fract., %) 483 7.8

HbA1c in groups (%)
�7.4 39.1
�7.4–9.0 42.4
�9.0–11.0 14.9
�11 3.5

Median body mass index (weight kg)/
(height m2) 

606 28.4

Body mass index in groups (%)
�25 22.6
�25–30 40.6
�30–35 25.1
�35 11.7

Hypertension3 (%) 606 50.3
Diabetic complications (%)

Ischaemic heart disease1,4 (%) 606 14.4
Peripheral vascular disease1 (%) 606 16.3
Peripheral neuropathy1 600 18.8
Diabetic retinopathy (%) 551 4.5

Urinary albumin mg/ml (%), 
� 15/ 	 15– � 200/ 	 200

602 57.3/38.4/4.3

Use of diuretics/oral hypoglycaemic 
agents/insulin (%)

587 38.7/41.7/1.0

Cancer, previous or current1 (%) 601 6.3

Notes: 1Measured at time of diabetes diagnosis. 2Haemoglobin A1c, 
reference range 5.4–7.4% (corresponding to 4.8–6.7% using a 
DCCT-aligned method). 3Hypertension: systolic/diastolic blood 
pressure 	 160/90 mm Hg or the use of antihypertensive or diuretic 
medication, or any combination of these. 4Ischaemic heart disease: 
angina pectoris or history of myocardial infarction causing 
hospitalization, or any combination of these. 
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The number of symptoms and type of symptoms are 
strongly related to SRH. 

 The Rasch analysis controlling for direct relations 
between symptoms in the symptom score and other 
variables showed a direct relation between fatigue and 
SRH ( γ   �  0.50, p  �  0.001). No direct association between 
a single symptom and sex, age, or HbA 1c  was found. 
The multivariate analysis (not shown) on the associa-
tions between SRH, HbA 1c , and symptom score was 
therefore adjusted for fatigue together with other cova-
riates. Even after adjusting for fatigue, the reporting of 
many symptoms was directly associated with decreas-
ing SRH ratings ( γ   �  0.30, p  �  0.001), additionally con-
trolling for confounding by some of the other possible 
confounders (HbA 1c  and sex). Decreasing SRH was 
associated with increasing HbA 1c  levels ( γ   �  0.17, 
p  �  0.038) controlling for confounding by symptom 

score, antidiabetic medication, urinary albumin, and 
fatigue. The relation between HbA 1c  and symptom score 
was explained by other variables (SRH and hyperten-
sion,  γ   �  0.02, p  �  0.40). This shows that an associa-
tion between HbA 1c  and symptom burden is explained 
by a mutual association with SRH and additional clini-
cal factors such as hypertension. For example, if SRH 
and hypertension is known, HbA 1c  does not add 
information on symptom burden. Figure 2 illustrates 
the relation between symptoms, SRH, and HbA 1c .   

 Discussion  

 Principal fi ndings 

 Despite average HbA 1c  being only 0.4% above the 
upper end of the normal range (5.4 – 7.4%), almost 

Table II. Number of diabetes-related symptoms and their relation to sex, age, and haemoglobin A1c in patients with type 
2 diabetes one year after diagnosis.

Number of symptoms

0 1 2 3–6 p-value

Sex (%)
 Men
 Women

189 (60.8)
138 (48.3)

52 (16.7)
65 (22.7)

33 (10.6)
39 (13.6)

37 (11.9)
44 (15.4)

0.004

Age, years 64.7 (56.2–73.2) 66.1 (55.7–73.3) 69.6 (58.0–75.6) 64.1 (55.4–74.5) 0.67
HbA1c

1

(fract., %) 7.7 (7.0–8.6) 7.8 (7.0–8.6) 7.8 (7.3–8.3) 8.1 (7.2–9.3) 0.12

Notes: Values are numbers (%) or medians with interquartile range in parenthesis. P-values are from Kruskal–Wallis tests. 1Haemoglobin 
A1c, reference range 5.4–7.4% (corresponding to 4.8–6.7% using a DCCT-aligned method).

Table III. Relation between type 2 diabetic patients’ self-rated health one year after diagnosis and sex, age, haemoglobin A1c, 
and symptoms.

Self-rated health

Very good Good Fair Poor/very poor p-value

Sex (%)
 Men
 Women

73 (55.3)
59 (44.7)

142 (53.6)
123 (46.4)

89 (47.6)
98 (52.4)

10 (52.6)
9 (47.4)

0.182

Age (years) 64.5 (55.8–73.6) 65.5 (56.2–73.9) 65.9 (55.9–73.5) 66.7 (56.4–74.8) 0.932

HbA1c
1 (fract., %) 7.4 (6.8–8.3) 7.8 (7.1–8.6)  7.8 (7.2–9.0) 8.8 (7.8–10.1) 0.0012

Number of symptoms (%)
 0
 1
 2
 3–6

102 (77.3)
13 (9.8)
8 (6.1)
7 (5.3)

165 (62.2)
55 (20.8)
27 (10.2)
14 (5.3)

56 (29.9)
45 (24.1)
34 (18.2)
50 (27.7)

3 (15.8)
3 (15.8)
3 (15.8)

10 (52.6)

� 0.0013

Type of symptoms (%)
 Frequent urination
 Abnormal thirst
 Fatigue
 Weight loss
 Visual disturbances
 Genital itching
 Other symptoms
 No symptoms

15 (11.4)
6 (4.5)

11 (8.3)
0 (0.0)
9 (6.8)
6 (4.5)
3 (2.8)

102 (77.3)

41 (15.5)
17 (6.4)
32 (12.1)
13 (4.9)
21 (7.9)
20 (7.5)
11 (4.2)

165 (62.2)

54 (28.9)
37 (19.8)
94 (51.9)
18 (9.6)
42 (22.5)
26 (13.9)
24 (12.8)
56 (29.9)

10 (52.6)
8 (42.1)

15 (79.0)
2 (10.5)
6 (31.6)
5 (26.3)
3 (15.8)
3 (15.8)

 � 0.001
 � 0.001
 � 0.001
 � 0.001
 � 0.001
 � 0.001
 � 0.001
 � 0.001

Notes:  Values are numbers (%) or medians (interquartile range). Unless otherwise stated Cochran–Armitage trend test is used. 1Haemoglobin 
A1c, reference range 5.4–7.4% (corresponding to 4.8–6.7% using a DCCT-aligned method). 2Kruskal–Wallis test. 3Mantel–Haenzel χ2 test.
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half of the patients reported typical hyperglycaemic 
symptoms. SRH was found to worsen markedly with 
increasing number of diabetes-related symptoms, 
and the symptom of fatigue was a major contributor 
to this relation. A similar, but weaker, relationship 
was found between SRH and HbA 1c . A weak asso-
ciation between HbA 1c  and symptom score was 
explained through mutual relationships with SRH 
and hypertension.   

 Study strengths and weaknesses 

 The major study strength is the population-based 
sample of patients with T2DM treated in general prac-
tice and examined at a well-defi ned time in the natu-
ral history of the disease. 

 This study was limited by the use of self-reported 
questionnaire data, because patients may have over-
estimated actual behaviour to provide a socially desir-
able response [23,24]. Non-response to the patient 
questionnaire and missing HbA 1c  values are unlikely 
to have biased our results: non-responders and respond-
ers were similar in variables of interest at diagnosis, 
and 105 of 123 missing HbA 1c  values can be assumed 
to be missing completely at random [25] because of 
the questionnaire delay. Finally, the study is cross-
sectional and any causal interpretation should be 
made with caution.   

 Relation to other studies 

 Our results confi rm previous studies that found a 
close relation between patients ’  reports of diabetes-
related, especially hyperglycaemic, symptoms and 
relatively poor SRH ratings [2,26] or poor health-
related quality of life [27]. The symptom of fatigue 

made a major contribution to the association between 
symptom score and SRH, and this has previously 
been demonstrated in two large population-based 
studies [13,28]. Not all patients who reported fatigue 
had low SRH. Paying attention to these patients may 
still be important as fatigue may be a stronger predic-
tor of mortality than SRH and other potential predic-
tors [29]. 

 In our study we found no association between 
HbA 1c  and symptom score in the multivariate analy-
ses, which tallies with the results from two other cross-
sectional studies [7,8]: one study examined patients 
before entry in the UK Prospective Diabetes Study 
and the other the effect of insulin treatment in poorly 
regulated patients. Other cross-sectional studies have 
found that an augmented HbA 1c  level is accompanied 
by higher symptom scores in patients with a longer 
duration of diabetes [2,6] and in dysregulated patients 
[5,27]. Patients with different HbA 1c  levels may, how-
ever, report identical types of symptoms, but per-
ceived symptom burden and length of occurrence may 
differ. Conversely patients with identical HbA 1c  levels 
may notice both different types and number of symp-
toms, because the threshold for symptom perception 
generally tends to be individual [30,31]. 

 Our fi nding of a moderate decrease in SRH rating 
with increasing HbA 1c  level is in accordance with the 
results of one cross-sectional study [2], while four 
other studies found no association at all [1,11,27,32]. 
Evidence suggests that patients with diabetic compli-
cations rate their health worse than patients without 
complications [15,33]; however, in our study only 
the presence of hypertension mediated the associa-
tion between SRH and HbA 1c , although approximately 
half of the patients had at least one complication [17]. 
The weak relation between HbA 1c  levels and SRH 

SRH 

HbA1c

Fatigue

Symptom 
score

The other variables from 
Table I: 

Sex 
Age 
Cohabiting status 
Leisure time physical 
activity 
Smoking habits 
Body mass index 
Hypertension 
Ischaemic heart disease 
Peripheral vascular disease 
Peripheral neuropathy 
Diabetic retinopathy 
Urinary albumin 
Use of diuretics 
Antidiabetic medication 
Cancer, previous or current

γ=0.17 

γ=0.30 

γ=0.50 

γ=0.02 

Frequent urination 
Abnormal thirst 
Weight loss 
Visual disturbances 
Genital itching 
Other symptoms 

Figure 2. Illustration of the relationship between symptoms, SRH, and HbA1c. 
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may indicate that patients with hypertension may 
improve in SRH when HbA 1c  levels decrease, but not 
as much as patients without this comorbidity [34]. 
Recent research suggests that even though many patients 
with diabetes receive antihypertensive treatment this 
treatment could still be improved [35].   

 Implications for clinicians and future research 

 Many patients obviously do not experience symptom 
relief, and this experience seems to infl uence their 
SRH negatively. This could be because patients give 
priority to symptom control over prevention of com-
plications [36], which may happen through optimiz-
ing glycaemic control. We suggest that both symptoms 
and SRH carry important information concerning 
the patient ’ s perception of his/her own health which 
cannot be explained fully by the patient ’ s objective 
health status. This additional information may help 
GPs and patients to discuss the possible impact of 
treatment and disease manifestations and thus obtain 
optimum disease control. This seems to be important 
since SRH in patients with T2DM provided addi-
tional information beyond that gained from clinical 
history and risk factors [16]. Future studies should 
focus on how diabetic patients ’  SRH may be improved 
through intervention targeting those with poor SRH 
ratings. 
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