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Background: The objective of this study was to investigate the differences in presenting symptoms between patients with and without diabetes being diagnosed with an acute myocardial infarction (AMI).



Methods: A total of 5,900 patients with a first-time AMI were included into the analysis. All patients aged between 25 and 84 years were recorded by the population-based Myocardial Infarction Registry in Augsburg, Germany, between 2010 and 2017. The presence (yes/no) of 12 AMI typical symptoms during the acute event was assessed within the scope of a face-to-face interview. Multivariable adjusted logistic regression models were calculated to analyze the associations between presenting symptoms and diabetes mellitus in AMI patients.



Results: Patients with diabetes had significantly less frequent typical pain symptoms, including typical chest pain. Also, other symptoms like sweating, vomiting/nausea, dizziness/vertigo and fear of death/feeling of annihilation occurred significantly more likely in non-diabetic patients. The only exception was the symptom of shortness of breath, which was found significantly more often in patients with diabetes. In multivariable-adjusted regression models, however, the observed effects were attenuated. In patients younger than 55 years, the associations between diabetes and various symptoms were mainly missing.



Conclusions: Type 2 diabetes mellitus is a risk factor not only for the development of AMI, but is also associated with an adverse outcome after AMI. Atypical clinical presentation additionally complicates the diagnostic process. It is therefore essential for physicians to be aware of the more often atypical symptoms that diabetic AMI patients report.
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1 Background

Type 2 diabetes is a rising health problem worldwide (1). Among many other health consequences, it increases the risk of coronary artery disease (CAD) with subsequent acute myocardial infarction (AMI) (2). In AMI patients, a diabetes diagnosis additionally goes along with worse outcomes and higher mortality (3, 4). Therefore, early diagnosis and timely treatment of diabetes are especially important. Prior studies indicated that AMI patients with diabetes less often report typical chest pain symptoms and some other typical AMI symptoms (5–10). Thus, diagnostics of AMI in diabetic patients would be impeded. However, there are also studies reporting conflicting results by indicating no (relevant) differences in typical AMI symptoms between patients with and without diabetes (11–15). Consequently, the current scientific knowledge is quite ambiguous and often based on smaller samples of AMI patients. So the aim of this study was to investigate the association between the presence of type 2 diabetes and the frequency of a variety of specific AMI symptoms using population-based data and calculating multivariable logistic regression models thereby taking into account various potential confounders.



2 Methods


2.1 Study population

This study uses data from the population-based Augsburg Myocardial Infarction Registry. As part of the MONICA-project (Monitoring Trends and Determinants in Cardiovascular disease) it was established in 1984 and since 1996 operated as the KORA Myocardial Infarction Registry (16). Since 2021, it is continued as Augsburg Myocardial Infarction Register at the University Hospital Augsburg. The study area includes the city of Augsburg, Germany, and the two adjacent counties (approximately 680,000 inhabitants in total). All cases of hospitalized AMI were recorded on the following conditions: the patient survived the first 24 h after hospital admission, had his/her primary residence within the study area and was between 25 and 84 years of age at time of infarction. Detailed information on case identification, diagnostic classification of events and quality control of the data can be found in a previous publication (16). All study participants gave written informed consent. Methods of data collection have been approved by the ethics committee of the Bavarian Medical Association (Bayerische Landesärztekammer) and the study was performed in accordance with the Declaration of Helsinki.

For the following statistical analysis, only patients with a first-time AMI between 2010 and 2017 were considered (n = 6,327 cases). All patients with missing information on typical chest pain symptoms or relevant covariables (n = 427) were excluded. The final study population consisted of 5,900 patients with incident AMI.



2.2 Data collection

During hospital stay the patients were interviewed by trained study nurses in a face-to-face interview at the general ward. A standardized questionnaire was used including questions about specific symptoms in the context of the acute event. The patients were asked about the presence (yes/no) of the following symptoms: typical chest pain symptoms (defined as “chest pain or a feeling of pressure or tightness behind the breastbone”), pain in the left arm/shoulder, pain in the right arm/shoulder, pain between the shoulder blades, pain in the upper abdomen, pain in the throat/jaw, sweating, vomiting/nausea, shortness of breath, dizziness/vertigo, syncope/unconsciousness and fear of death/feeling of annihilation. In addition to the interview, the patients’ medical chart was reviewed in order to collect demographic data, data on cardiovascular risk factors, medical history, comorbidities, laboratory values, in-hospital course and medication.

The presence of diabetes mellitus was assessed by the patient's statement in the interview as well as by extracting relevant information from the medical record. The patient was assigned to the diabetes group if either he clearly stated to have a medical diagnosis of diabetes mellitus and/or there was an explicit indication of a diabetes mellitus diagnosis in the medical chart. In case neither in the interview nor in the medical chart there was an explicit indication of diabetes mellitus, the patients was assigned to the non-diabetes group. For this study, we did not distinguish between diabetes mellitus type 1 and type 2.



2.3 Statistical analysis

Categorical variables were presented as absolute frequencies with percentages and Chi-square tests were used to test for group differences. Continuous variables were presented as mean (standard deviation, SD) or as median (inter-quartiles range, IQR) and Student's t-test and Mann–Whitney U test, respectively, were applied to test differences between the groups.

For the continuous variables peak CKMB levels and prehospital time (in minutes) we conducted multiple imputation by chained equations (imputation method: “predictive mean matching” with linear regression as the regression model for the variables “peak CKMB levels” and “prehospital time”, the number of iterations: 5, number of created imputed data sets: 5). The variables were initially square-rooted due to a strong right-skewed distribution. The imputation process was performed with MICE-package (R statistic software). The subsequent regression models were calculated for each of the 5 imputed data sets and results were pooled in the end.



2.4 Logistic regression models

Logistic regression models were calculated in order to examine the association between diabetes and specific symptoms. First, unadjusted models were calculated. Next, we calculated models adjusted for sex and age. Finally, according to literature review, the multivariable adjusted logistic models were adjusted for sex, age, type of infarction (STEMI, NSTEMI, bundle branch block), renal function according to eGFR (groups: eGFR > 60 ml/min/1.73 m2, 30–60 ml/min/1.73 m2, < 30 ml/min/1.73 m2 and a group with missing information), left ventricular ejection fraction (groups: EF > 30%, EF ≤ 30%, no information on EF), prehospital time in minutes and peak CKMB levels. For the regression models, the values of continuous variables prehospital time and peak CKMB levels were used with square rooted values due to strong right-skewed distributions.

Moreover, we performed subgroup analysis to examine differences between age groups. We stratified the sample into 4 age groups: patients <55 years of age, patients between 55 and 64, patients between 65 and 74, and patient between 75 and 84 years. For each group, we calculated the multivariable adjusted logistic regression models as described above for the total sample.

All statistical analyses were performed using R version 4.2.1.




3 Results

Overall, 5,900 cases of first-time AMI were included in the present analysis. Table 1 displays baseline characteristics, symptoms at the event, clinical parameters and information about treatment stratified for diabetes (yes/no). In total, 1,859 (31.5%) patients had a known diagnosis of diabetes mellitus at the time of the acute event. Within the diabetes group, women were slightly overrepresented: 33.6% of all patients were female in the diabetes group, while in the non-diabetes group only 29.5% were women. With a mean age of 69.0 (SD: 10.7) years, the diabetes patients were significantly older than the non-diabetes patients with 65.1 (SD: 12.2) years. The patients with diabetes also had significantly more frequently other comorbidities (hypertension, hyperlipidemia, impaired renal function, severely impaired ventricular ejection fraction). On the other hand, patients with diabetes were significantly less likely to receive PCI treatment compared to non-diabetic AMI patients.


TABLE 1 Baseline characteristics for the total sample and stratified for diabetes (yes/no) given by total number and % or mean and SD or median and IQR.
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3.1 Diabetes and symptoms at the acute event

The most frequently occurring symptom at the event was typical chest pain, which was reported by 71.4% of patients with diabetes, which is significantly less often than in the non-diabetes group (79.7%), see Table 1. The same refers to pain in other parts of the body, which occurred significantly more frequently in non-diabetes patients (except upper abdomen). Likewise, the unspecific symptoms sweating, vomiting/nausea, dizziness/vertigo and fear of death/feeling of annihilation were reported significantly less frequently by individuals with diabetes. Surprisingly, shortness of breath was the only symptom that was significantly more present in patients with diabetes (Table 1).

Table 2 shows the frequency of specific symptoms stratified for sex and diabetes. The figure indicates, that the associations between diabetes and various symptoms observed see Table 1 are valid for males and females alike.


TABLE 2 Symptoms of male and female patients at the acute event stratified for diabetes (yes/no).

[image: Table 2]

Figure 1 shows the percentages of different symptoms in the diabetes group and the non-diabetes group. The figure suggests, that the older age group does not differ very much from the total sample. But the figure also shows, that patients with diabetes in the age group 55 years and younger were more likely to have some specific symptoms compared to their non-diabetic controls indicating a different associations for this age group.


[image: Figure 1]
FIGURE 1
Relative frequencies of reported symptoms at AMI stratified for diabetes. On the left hand side of each plot the percentages for the total sample are plotted; in the middle the respective frequencies for young patients (<55 years) and on the right hand side the frequencies for older patients (age group 75–84 years) are displayed.


Table 3 displays the results of different logistic regression models analyzing the associations between diabetes (exposure) and specific symptoms (outcome). The unadjusted models and the models adjusted for sex and age actually provide comparable results in line with the relative frequencies shown in Table 1: while diabetes showed significant negative associations with several pain symptoms (including typical chest pain) and other symptoms, shortness of breath showed a strong positive association with diabetes. While the latter association between shortness of breath and diabetes was confirmed by the multivariable adjusted model, the association of diabetes with most other symptoms appeared strongly attenuated in the multivariable adjusted model (only typical chest pain symptoms and pain in the right arm/shoulder remained significant).


TABLE 3 Association between diabetes and specific symptoms at the acute event analyzed by different logistic regression models: unadjusted model (left), model adjusted for sex and age (middle) and multivariable adjusted model.
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The subgroup analysis for different age groups (see Table 4) revealed that the above reported associations are largely not seen in patients below age 55 [no significant associations were found for this age group and the obtained results (point estimators/odds ratio) pointed in the opposite direction for some symptoms like shortness of breath]. In terms of a sensitivity analysis, we did the same calculations with only three age groups (<65 years, 65–79 years and ≥80 years), see Supplementary Table S1. It shows, that indeed only the very young patients <55 years differ substantially from the other age groups, since the results for the group <65 years are quite comparable to the age group 65–79 years.


TABLE 4 Association between diabetes and specific symptoms at the acute event analyzed by multivariable adjusted logistic regression modelsa and stratified for different age groups.
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4 Discussion

The present study shows that AMI patients with diabetes experience less often typical AMI symptoms, including the most characteristic symptom, i.e., chest pain. Only shortness of breath was reported more frequently by diabetic patients. Nevertheless, adjusting for several potential confounders the overall associations appeared to be attenuated, but remained significant for chest pain (more often in patients without diabetes) and shortness of breath (more often in patients with diabetes). Further analyses revealed, that the observed associations did not apply to younger AMI patients (age 54 and younger) with no significant associations between diabetes and specific symptoms at all.

Also prior studies have reported that diabetes goes along with less AMI symptoms including typical chest pain as well (5–10). A current review/meta-analysis specifically analyzing chest pain symptoms and diabetes came to the same conclusion (17). However, there were also studies finding no significant differences in reported AMI symptoms between patients with and without diabetes or even some atypical symptoms more frequently reported by diabetic patients (11–15). In particular, a study from Sweden (Northern Sweden MONICA Study) analyzed 4,028 patients with first myocardial infarction aged 25–74 years (14). They found no difference regarding typical symptoms between patients with and without diabetes, and diabetes was not identified as a predictor of atypical symptoms. So, this large study based on a myocardial infarction registry data came to differing results compared to the results in the present analysis. It can be speculated though, whether the different time frames of patient recruitment (between 2000 and 2006 for the Swedish study and 2010–2017 for the present study) had any influence on the results (e.g., the wide-spread use of high-sensitive troponin diagnostics led to the diagnosis of more smaller infarctions with higher frequencies of atypical symptoms).

Most studies reporting on this specific topic have not applied multivariable-adjusted regression models. So, their findings cannot be interpreted in the way that diabetes is independently associated with less or atypical AMI symptoms. And indeed, the results of the present study suggested that even though some associations remain significant, the estimated effects were considerably attenuated by the multivariable adjustment. In a sensitivity analysis we calculated a variety of different logistic regression models with varying adjusting variables. It was found, that in particular the inclusion of the variables eGFR group (representing renal function) and left ventricular ejection fraction into the regression models affected the results [attenuation of the point estimators (Odds ratio) for diabetes]. These observations are confirmed by a study from Korea which identified renal dysfunction as a major risk factor for painless AMI (18). The authors concluded, that particularly the joint occurrence of reduced GFR and diabetes mellitus went along with an increased appearance of painless AMI.

In the present study, there was a positive association between shortness of breath at acute MI and diabetes, which was the only significant positive association we found. This association remained significant in the multivariable adjusted logistic regression model for the total sample, but could not be detected in the youngest age group however. Prior studies have also indicated that patients with diabetes experience more frequently some form of shortness of breath or hyperventilation (6, 7, 11).

One major pathophysiological mechanisms underlying the observed phenomenon might be the impact of diabetic polyneuropathy as a complication of long-standing diabetes. Polyneuropathy is a micro-damage of the peripheral nerve system and caused by (chronic) hyperglycemia and altered insulin signaling (19). With up to 50% of all diabetic patients it is a very common complication and the prevalence rises with disease duration (19). Especially in diabetic patients with confirmed coronary artery disease the prevalence seems to be particularly high with a majority of those patients suffering from a polyneuropathy (19). Diabetic polyneuropathy quite frequently goes along with a decreased pain perception (19), which may be responsible for the reduced (pain) symptoms in diabetic AMI patients. However, in most cases it takes years or decades for a relevant diabetic polyneuropathy to develop. So, the diabetes diseases must preexist the acute event for quite a long time period. In fact, this would fit well into the picture that emerged when analyzing the different age groups: we found no reduced frequency of (pain) symptoms in young diabetes patients. These patients simple may be too young to have developed major complications like polyneuropathy. It may become a major issue in older age for which we found reduced frequencies of major (pain) symptoms.

We cannot explain why diabetes was strongly positively associated with shortness of breath; but again not in young patients however. Shortness of breath is a pretty unspecific symptom that cannot only occur in AMI patients as part of the typical angina pectoris symptom, but is also frequent in many other diseases like pulmonary embolism or pneumonia. It often also accompanies exceptional psychological situation like panic attacks and severe states of anxiety. With all this said, shortness of breath might also, at least in some sense, represent the patient’s current cardiovascular condition, e.g., in terms of acute heart failure with dyspnea as the leading symptom (20). Actually it has been reported that the presence of shortness of breath is associated with higher mortality after AMI (21). So it could be speculated if this particular symptom might be somehow an expression of more severe events, worse cardiovascular status and an overall worse prognosis; a condition for which diabetes is a well-known (causal) risk factor.

The results of this analysis underline the importance of thorough diagnostics in AMI-suspected patients with diabetes even without typical chest pain symptoms, which means an ECG within 10 min to rule out STEMI and serial high-sensitive Troponin testing to detect NSTEMI (22). Especially in older patients with diabetes, AMIs might be hidden under rather unspecific symptoms, like shortness of breath. The absence of typical AMI symptoms, in particular chest pain, goes along with an increased risk of delayed diagnosis and treatment (23–25), which can lead to an elevated mortality and overall worse outcomes (10, 21, 23–26). Accordingly, AMI patients with diabetes indeed have longer pre-hospital delays (13, 15, 27) and a higher mortality after the event (3, 4). Awareness of this particularity in clinical presentation is key to a fast diagnosis and subsequent treatment, which is especially important in patients with the additional risk factor diabetes mellitus.


4.1 Strengths and limitations

The present study is characterized by some major strengths. The data analyzed was collected by a population-based registry, avoiding any selection bias as best as possible. The relatively high number of patients included into this analysis provides solid statistical power. Symptoms at the acute event were assessed by a standardized questionnaire in a face-to-face interview only days after the infarction. For each patients, a variety of different information and data was collected that allowed to perform multivariable adjusted logistic regression models.

There are also some limitations. First, we have no patients older than 85 years included into this study. Likewise, no information on ethnicity was available, so the results might not be generalized to all ethnicities and age groups. Patients that were unable or unwilling to complete the interview and report their symptoms could not be considered for this study and their absence in the analyses might have affected the overall results. The interview with the AMI patients was conducted several days after admission, so fading memory might have affected the reporting of symptoms in some cases. Since there is an unneglectable number of AMI patients with undiagnosed diabetes (28), we might have misclassified some patients as non-diabetes patients. Finally, since some potentially important information (for instance on pulmonary pathologies) were missing, we might have not have considered all relevant confounders in the multivariable adjusted models.




5 Conclusion

AMI patients with diabetes have less symptoms at the acute event compared to patients without diabetes. One major exception is shortness of breath, which is significantly more often present in diabetic patients. However, the results obtained for the total sample could not be reproduced in patients younger than 55 years.

This studies demonstrates that patients with diabetes often report less symptoms at the acute event despite an overall worse prognosis. Especially the absence of typical chest pain and the presence of shortness of breath might be typical for diabetes in AMI patients aged 55+. Consequently, fast diagnostics and quick treatment appears to be essential particularly in these patients.
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(n=1,859) (n=4,041)
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*Number of cases with valid information.
binfarmation available for AMI cases from 2009 onwards
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Adjusted for sex, age, type of infarction (STEMI, NSTEMI, bundle branch block), renal function according to GFR, severely impaired left ventricular ejection fraction,
orehospital time, peak CKMB levels.
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*Adjusted for sex, age, type of infarction (STEMI, NSTEMI, bundie branch block), renal function according to GFR, severely impaired left ventricular ejection fraction,
orehospital time, peak CKMB levels.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Do patients with diabetes with new onset acute myocardial infarction present with different symptoms than non-diabetic patients?

		1 Background



		2 Methods



		2.1 Study population



		2.2 Data collection



		2.3 Statistical analysis



		2.4 Logistic regression models











		3 Results



		3.1 Diabetes and symptoms at the acute event











		4 Discussion



		4.1 Strengths and limitations











		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Do patients with diabetes with new
onset acute myocardial infarction present
with different symptoms than
non-diabetic patients?





OPS/images/fcvm-11-1324451-g001.jpg
: " Pain - left Pain - right Pain - between
Typical Chest Rain armishoulder armishoulder shoulder blades
@ Total sample: <55 years 75-84 years. Total sample: <55 years 75-84 years. Total sample; <55 years. 7584 years k Total sample; <55 years. 75-84 years.
en an ” P
Fad P 3% =™
H H H H
5 5 5 5
. 5 I I I 5 - I I K I
: : N ul| .
- Fain - Upper " -
Pain - throat/jaw Pl - Sweating Vomiting/Nausea
Total sample: <55 years. 75-84 years. a: Total sample: <55 years 7584 years. Total sample; <55 years 7584 years - Total sample; <55 years 75-84 years.
o o o gn
i, i, i, N
H H H H
5 5 5 5
s II = 2 = 2 Ilaezsll II II
ER TINTHIET .
" Syncopel Foar of death/
Shortness of breath Dizziness/ Vertigo DIl e Feer e
0 Total sample: <55 years 75-84 years e Total sample; <55 years 75-84 years. Total sample; <55 years 75-84 years Total sample; <55 years. 7584 years
P o P P
5 5 5 H
L L. i L
H B H H
® 25 = 25 = 25 = 25
. ll ll gl e = ma| , 88 EE 2

! Diabetes

B No diabetes










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





